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(57) ABSTRACT 
A gas sensor control apparatus (1) for controlling a gas sensor 
(2) includes a change amount detection means (40); an ele 
ment resistance detection means for detecting the element 
resistance RpVs of a sensor element section (3) on the basis of 
the response change amount AVs; a heater energization con 
trol section for on-off controlling the supply of electric cur 
rent to a heater section (4) by pluses PS having a fixed period 
T; and an instruction signal output section for instructing the 
change amount detection section (40) to detect the response 
change amount AVs at a third timing t3 which comes after 
elapse of a predetermined wait time TW from a second timing 
t2 (heater energization off) which changes in accordance with 
the pulse width PSW. 
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GAS SENSOR CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a gas sensor control appa 

ratus for controlling a gas sensor which detects the concen 
tration of a gas. 

2. Description of the Related Art 
Conventionally, a gas sensor has been used which is 

mounted on a vehicle and is attached to an exhaust pipe of an 
internal combustion engine, and which detects the concentra 
tion of a specific gas contained in an exhaust gas, for the 
purpose of, for example, controlling an air-fuel ratio. Known 
examples of Such a gas sensor include an oxygen sensor for 
detecting the concentration of oxygen and an NOx sensor for 
detecting the concentration of nitrogen oxide (NOx). Such a 
gas sensor often uses a Solid electrolyte member mainly made 
of Zirconia (Zirconium oxide) in a sensor element section. 20 
Such a solid electrolyte member becomes active when heated 
to a high temperature (about 600°C. or higher), and exhibits 
excellent oxygen ion conductivity. In view of this, in a gas 
sensor in which a solid electrolyte member is used in the 
sensor element section, aheater section for heating the sensor 25 
element section is provided so as to heat the sensor element 
section to an activation temperature at which the sensor ele 
ment section becomes active. In order to maintain the sensor 
element section at a proper activation temperature, the ele 
ment resistance having a certain relation with the element 30 
temperature of the sensor element section is detected, and the 
supply of electric current to the heater section is feedback 
controlled such that the element resistance coincides with a 
target resistance. 
Patent Document 1 Japanese Patent Application Laid-Open 35 
(kokai) No 2006-113081 
3. Problems to be Solved by the Invention: 
Incidentally, in order to perform the above-mentioned 

heater energization under feedback control in Such a gas 
sensor, it is necessary to detect the element resistance of the 40 
sensor element section regularly, while controlling the ener 
gization of the heater section. One known method of detect 
ing the element resistance of the sensor element section is 
temporarily changing the Voltage between the electrodes of 
the sensor element section or the current flowing between the 45 
electrodes, detecting the change in Voltage or current in 
response to the temporal change (the magnitude of the change 
will be referred to as a response change amount), and detect 
ing the element resistance from the response change amount. 
Meanwhile, since on-off control (PWM control) is performed 50 
through use of pulses in order to control the energization of 
the heater section, Switching noise may be generated at the 
leading edge and trailing edge of each pulse; namely, at 
timings at which the state of heater energization is Switched 
from the OFF state to the ON State and Switched from the ON 55 
state to the OFF state. Accordingly, if the timing of switching 
the heater energization state overlaps with a period during 
which the response change amount is detected by the above 
described method, the switching noise affects the detected 
response change amount, and in Some cases the element 60 
resistance cannot be detected accurately. 

In order to solve such a problem, for example, Patent Docu 
ment 1 discloses a heater control apparatus for a gas concen 
tration sensor which is configured such that when the element 
resistance detection period and the timing of on/off switching 65 
of heater energization overlap each other, the detection period 
or the Switching timing is forcedly shifted. 
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2 
However, Such a control apparatus must always monitor 

the detection period and the Switching timing and determine 
whether or not they overlap each other. When the detection 
period and the Switching timing are expected to overlap each 
other, the control apparatus must adjust the detection period 
or the Switchingtiming so as to prevent the occurrence of such 
overlap. Therefore, control tends to become complex, and 
there is a need for simpler, more reliable measures against 
such overlap between the detection period and the switching 
timing. In particular, there is a need for measures against 
irregular overlap at a timing which changes with a change in 
pulse width caused by feedback control, the timing being one 
of timings corresponding to the leading edge and trailing edge 
of each pulse. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in view of the 
above-mentioned problems, and provides a gas sensor control 
apparatus which can accurately detect the resistance of a 
sensor element by Suppressing the influence of Switching 
noise generated as a result of Switching at a timing which 
changes with a change in pulse width, the timing being one of 
the timing at which the state of heater energization is Switched 
from the OFF state to the ON state and the timing at which the 
state of heater energization is switched from the ON state to 
the OFF state. 
The above objects have been achieved, in accordance with 

a first aspect (1) of the invention, by providing a gas sensor 
control apparatus for controlling a gas sensor which includes 
a sensor element section made of a solid electrolyte member 
and detecting the concentration of a gas, and a heater section 
for heating the sensor element section, comprising change 
amount detection means for causing a temporary change in 
voltage between electrodes of the sensor element section or 
current flowing between the electrodes and for detecting, as a 
response change amount, a change in the Voltage or the cur 
rent produced in response to the temporary change; element 
resistance detection means for detecting an element resis 
tance of the sensor element section on the basis of the 
response change amount; instruction signal output means for 
outputting an instruction signal for instructing the change 
amount detection means to detect the response change 
amount; and heater energization control means for on-off 
controlling the state of supply of electric current to the heater 
section through use of pulses having a fixed period, wherein 
when, of an energization ON edge timing of the respective 
pulses at which the state of supply of electric current to the 
heater section is switched from an OFF state to an ON state 
and an energization OFF edge timing of the respective pulses 
at which the state of supply of electric current to the heater 
section is switched from the ON state to the OFF state, a 
timing which occurs at fixed intervals corresponding to the 
fixed period is defined as a first timing, and a timing which 
changes depending on a pulse width of the pulses is defined as 
a second timing, the instruction signal output means outputs 
the instruction signal at a third timing which comes after 
elapse of a predetermined wait time from the second timing. 
The gas sensor control apparatus (1) includes an instruc 

tion signal output means which outputs, at the above-de 
scribed third timing, an instruction signal for instructing the 
change amount detection means to detect the response change 
amount. 

By virtue of this configuration, a predetermined wait time 
is provided between the second timing and the third timing, 
and the response change amount is detected in response to the 
instruction at the third timing. Thus, the switching of the 
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energization state of the heater section at the second timing 
does not overlap with the timing at which the response change 
amount is detected. Therefore, Switching noise generated as a 
result of at least the Switching of the heater energization state 
at the timing which changes with the pulse width, is prevented 
from affecting the detection of the response change amount 
(and accordingly, detection of the element resistance). 
Accordingly, the element resistance can be detected properly 
(i.e., without being affected by Switching noise). 

In addition, since the required operation is outputting the 
instruction signal at the third timing which comes after elapse 
of a predetermined wait time from the second timing, com 
plicated control for timing adjustment is not required. 

Notably, preferably, the length of the wait time from the 
second timing to the third timing is determined such that it is 
long enough to prevent the Switching noise generated at the 
second timing from affecting the detection of the response 
change amount. 

Also, each of the response change amount detected by the 
change amount detection means and the temporary change 
which is produced between the electrodes of the sensor ele 
ment section so as to obtain the response change amount may 
be a Voltage change oracurrent change, which can be selected 
by properly changing the configuration of the change amount 
detection means. 

Examples of the gas sensor of the present invention 
includes a full range oxygen sensor for linearly detecting the 
concentration of oxygen contained in a gas to be measured, an 
oxygen sensor for detecting the concentration (lean/rich) of 
oxygen, and an NOx sensor for detecting the concentration of 
nitrogen oxide (NOx). 

In a preferred embodiment (2) of the above-described gas 
sensor control apparatus (1), the heater energization control 
means feedback-controls the supply of electric current to the 
heater section such that the element resistance detected by the 
element resistance detection means becomes equal to a target 
resistance. 

In the gas sensor control apparatus (2), since the Supply of 
electric current to the heater section is feedback-controlled by 
the heater energization control means, the sensor element 
section can be maintained at a properactivation temperature, 
whereby the gas concentration can be detected properly. 

In another preferred embodiment (3) of the above-de 
scribed gas sensor control apparatus (1), the instruction signal 
output means outputs the instruction signal every n-th period, 
where n is an integer equal to or greater than 2. 

In the gas sensor control apparatus (3), at every n-th period 
of the pulses that has elapsed (e.g., at every 10-th period of the 
elapsed pulses); in other words, every time the period of the 
pulses occurs n times (e.g., 10 periods), the instruction signal 
is output so as to detect the response change amount. By 
virtue of this configuration, the response change amount and 
the element resistance based thereon can be detected regu 
larly. In addition, the interval of the detection of the element 
resistance can be made longer than (n times) the period of the 
pulses for controlling the Supply of electric current to the 
heater section. Therefore, when the energization of the heater 
section is feedback-controlled, the control can be performed 
stably by Suppressing oscillation or the like. 

In yet another preferred embodiment (4) of the above 
described gas sensor control apparatus (1) to (3), a time 
between a commencement of the output of the instruction 
signal and a completion of the detection of the response 
change amount by the change amount detection means is 
defined as a detection delay time; periods each continuing 
from the first timing to the second timing which comes next 
are defined as 1-2 periods; periods each continuing from the 
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4 
second timing to the first timing which comes next are defined 
as 2-1 periods; of the 2-1 periods, those which include the 
third timing at which the instruction signal is output are 
defined as an output 2-1 period; of the 1-2 periods, those 
immediately before the output 2-1 periods are defined as a 
pre-output 1-2 period; and the heater energization control 
means includes maximum value restriction means for 
restricting the length of the pre-output 1-2 period to a maxi 
mum value or less which is previously determined within a 
range within which the output 2-1 period becomes longer 
than the sum of the wait time and the detection delay time. 

In the gas sensor control apparatus (4), the length of the 
pre-output 1-2 period is restricted to the maximum value or 
less. Notably, this maximum value is determined to fall within 
a range within which the output 2-1 period becomes longer 
than the sum of the wait time and the detection delay time. 
Therefore, even in the case where the interval between the 
second timing and the first timing which comes next is short 
ened by changing the pulse width for energization control of 
the heater section, when the detection of the response change 
amount is performed, the length of the pre-output 1-2 period 
is restricted to the maximum value or less. Accordingly, the 
period in which the response change amount is detected does 
not overlap with the Switching of the heater energization state 
at the first timing. By virtue of this configuration, not only the 
Switching noise generated as a result of Switching of the 
heater energization State at the second timing, which changes 
in accordance with the pulse width, but also the Switching 
noise generated as a result of Switching of the heater energi 
Zation state at the first timing, which comes at fixed intervals 
corresponding to the period of the pluses is reliably prevented 
from affecting the detection of the response change amount 
(namely, detection of the element resistance). Therefore, the 
element resistance can be detected more properly. 

In yet another preferred embodiment (5) of the above 
described gas sensor control apparatus (4), the maximum 
value restriction means restricts the length of all the 1-2 
periods T-2, including the pre-output 1-2 period, to the maxi 
mum value or less. 

In the gas sensor control apparatus (5), the length of all the 
1-2 periods is restricted to the maximum value or less. By 
virtue of this configuration, the same control can be per 
formed in both the periods in which the instruction signal is 
output and the remaining periods. Therefore, the control 
becomes simple. 

In yet another preferred embodiment (6) of the above 
described gas sensor control apparatus (4), preferably, the 
heater energization control means includes the minimum 
value restriction means for restricting the length of the pre 
output 1-2 periods to a predetermined minimum value or 
greater, where the minimum value is greater than Zero. 

In the gas sensor control apparatus (6), the length of the 
pre-output 1-2 period is restricted to the minimum value 
(greater than Zero) or greater. By virtue of this configuration, 
even in the case where the interval between the first timing 
and the second timing which comes next is shortened by 
changing the pulse width for energization control of the 
heater section, when the detection of the response change 
amount is performed, the length of the pre-output 1-2 period 
is restricted to the minimum value (greater than Zero) or 
greater. Accordingly, the case does not exist where the length 
of the pre-output 1-2 period is zero; i.e., the case where the 
first timing and the second timing are not present. Namely, the 
first timing and the second timing are present without fail. 
Therefore, the third timing Subsequent to the second timing 
can be secured, and the timing for detecting the response 
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change amount is not missed. Thus, the element resistance 
can be detected regularly without fail. 

In yet another preferred embodiment (7) of the above 
described gas sensor control apparatus (6), the minimum 
value restriction means restricts the length of all the 1-2 
periods, including the pre-output 1-2 period, to the minimum 
value or greater. 

In the gas sensor control apparatus (7), the length of all the 
1-2 periods is restricted to the minimum value or greater. By 
virtue of this configuration, the same control can be per 
formed in both the periods in which the instruction signal is 
output and the remaining periods. Therefore, the control 
becomes simple. 

In yet another preferred embodiment (8) of the above 
described gas sensor control apparatus (6), the first timing is 
the energization ON edge timing, and the second timing is the 
energization OFF edge timing. 

Incidentally, in the case where the heater section is con 
trolled such that electric current is supplied to the heater 
section during the 2-1 periods and the Supply of electric 
current to the heater section is stopped during the 1-2 periods, 
the above-mentioned maximum value for the pre-output 1-2 
period becomes the maximum value for the periods during 
which the supply of electric current to the heater section is 
stopped. In contrast, in this case, the minimum value (length) 
of the periods during which electric current is supplied to the 
heater section is controlled Such that it becomes longer the 
sum of the wait time and the detection delay time due to 
restriction by the maximum value (length) of the pre-output 
1-2 period. Namely, even in the case where the supply of 
electric current to the heater section is unnecessary or the 
Supply of electric current to the heater section is required only 
for a very short period of time, the period during which 
electric current is Supplied to the heater section cannot be 
shortened sufficiently. 

In contrast, in the present gas sensor control apparatus, the 
state of supply of electric current to the heater section is 
switched from the OFF state to the ON state at the first timing, 
and is switched from the ON state to the OFF state at the 
second timing. Namely, electric current is Supplied to the 
heater section during the 1-2 periods, and the Supply of elec 
tric current to the heater section is stopped during the 2-1 
periods. Accordingly, the minimum value (length) of the pre 
output 1-2 period becomes the minimum value (length) of the 
periods during which electric current is Supplied to the heater 
section. 
No limitation is imposed on the minimum value (length) of 

the pre-output 1-2 period unlike the maximum value of the 
pre-output 1-2 period (however, the minimum value is greater 
than 0). Therefore, in the case where the supply of electric 
current to the heater section is unnecessary or the Supply of 
electric current to the heater section is required only for a very 
short period of time, the length of the periods during which 
electric current is supplied to the heater section can be short 
ened to the minimum length of the pre-output 1-2 period. 
Accordingly, it is possible to properly control the energiza 
tion of the heater section while Suppressing the consumption 
of electric power by the heater section. 

In yet another preferred embodiment (9), the above-de 
scribed gas sensor control apparatus (1) comprises data trans 
mission means for transmitting data to an external device; and 
prevention means for preventing use of the response change 
amount and the element resistance obtained therefrom, the 
response change amount being affected by the transmission 
of data due to overlap between the transmission period of the 
data and at least a portion of the detection period of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
response change amount Subsequent to the output of the 
instruction signal at the third timing. 
The gas sensor control apparatus transmits data represent 

ing the measured gas concentration or the like to an external 
device such as an ECU. At that time, the consumed current 
increases due to the data transmission, and the power Supply 
voltage of the control circuit may fluctuate. Therefore, in the 
case where at least a portion of the period of detection of the 
response change amount Subsequent to the output of the 
instruction signal at the third timing overlaps with the data 
transmission period, the value of the response change amount 
detected by the change amount detection means and the value 
of the element resistance detected on the basis of the response 
change amount are affected. Accordingly, there is a possibil 
ity that a proper value of the element resistance cannot be 
obtained. 

In contrast, since the present gas sensor control apparatus 
includes the prevention means, it is possible to prevent use of 
the response change amount or the element resistance 
obtained from the response change amount, the response 
change amount being affected by the transmission of data 
because of overlap between the period during which the 
response change amount is detected and the period during 
which data are transmitted to the external device. 

In yet another preferred embodiment (10) of the above 
described gas sensor control apparatus (9), the prevention 
means includes pre-output transmission determination means 
for determining, prior to the output of the instruction signal at 
the third timing, whether or not the transmission of the data by 
the data transmission means is being performed at a pre 
output determination timing within the period to which the 
third timing belongs, the pre-output determination timing 
coming before the third timing; and output stopping means 
for stopping the output of the instruction signal at the third 
timing when the transmission of the data is determined to be 
being performed. 

In the gas sensor control apparatus (10), the prevention 
means includes the pre-output transmission determination 
means which determines, prior to the output of the instruction 
signal at the third timing, whether or not the transmission of 
the data is being performed, and output stopping means which 
stops the output of the instruction signal at the third timing. 
By virtue of this configuration, the response change 

amount and the element resistance are prevented from assum 
ing values affected by the transmission of data, and only a 
proper value of the element resistance is used. 

In yet another preferred embodiment (11) of the above 
described gas sensor control apparatus (9), the prevention 
means includes intra-period transmission determination 
means for determining, at the first timing within the period to 
which the third timing belongs, whether or not the transmis 
sion of the data by the data transmission means is performed 
within the period; and output stopping means for stopping the 
output of the instruction signal at the third timing when the 
transmission of the data is determined to be performed. 

In the gas sensor control apparatus (11), the prevention 
means includes the intra-period transmission determination 
means and the output stopping means. 
By virtue of this configuration, the response change 

amount and the element resistance are prevented from assum 
ing values affected by the transmission of data, and only a 
proper value of the element resistance is used. 

In yet another preferred embodiment (12) of the above 
described gas sensor control apparatus (10) or (11), the 
instruction signal output means outputs the instruction signal 
every n-th period, where n is an integer equal to or greater than 
2; and the prevention means includes period postponing out 
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put means, operable when the output of the instruction signal 
at the third timing is stopped, for outputting the instruction 
signal at the third timing in a period Subsequent to the period 
in which the output of the instruction signal was stopped. 

In the gas sensor control apparatus (12), the instruction 
signal output means outputs the instruction signal every time 
the period of the pulses occurs n times (e.g., 10 times). In the 
case where the output of the instruction signal at the third 
timing is stopped, the instruction signal is output at the third 
timing in the period Subsequent to the period in which the 
output of the instruction signal was stopped. 
By virtue of this configuration, even when the output of the 

instruction signal at the third timing is stopped once, it is 
possible to output the instruction signal in the next period so 
as to obtain a proper response change amount, whereby a 
proper element resistance can be detected regularly. 

In yet another preferred embodiment (13) of the above 
described gas sensor control apparatus (10), the instruction 
signal output means outputs the instruction signal every n-th 
period, where n is an integer equal to or greater than 2; and the 
prevention means includes timing postponing output means, 
operable when the output of the instruction signal at the third 
timing is stopped, for outputting the instruction signal at a 
fourth timing within the period in which the output of the 
instruction signal was stopped, the fourth timing coming after 
the third timing. 

In the gas sensor control apparatus (10), the instruction 
signal output means outputs the instruction signal every time 
the period of the pulses comes n times. In the case where the 
output of the instruction signal at the third timing is stopped, 
the instruction signal is output at the fourth timing after the 
third timing in the period in which the output of the instruc 
tion signal was stopped. 
By virtue of this configuration, even when the output of the 

instruction signal at the third timing is stopped once, it is 
possible to output the instruction signal at the fourth timing 
Subsequent to the third timing so as to obtain the response 
change amount, whereby the element resistance can be 
detected regularly. 

In the above-described gas sensor control apparatus (13), 
the prevention means includes postponing transmission 
determination means for determining whether or not the 
transmission of data by the data transmission means is being 
performed at a postponing determination timing between the 
pre-output determination timing and the fourth timing; and 
output permission means for permitting the output of the 
instruction signal at the fourth timing by the timing postpon 
ing output means when it is determined that the transmission 
of data is not being performed. 

In the gas sensor control apparatus (13), a determination is 
made as to whether or not the data transmission is being 
performed at the postponing determination timing, and then 
the output of the instruction signal at the fourth timing is 
permitted. Therefore, a proper response change amount can 
be obtained, whereby a proper element resistance can be 
detected regularly. 

In yet another preferred embodiment (14) of the above 
described gas sensor control apparatus (9), preferably, the 
prevention means includes pre-detection transmission deter 
mination means for determining whether or not the transmis 
sion of the data by the data transmission means is being 
performed at a pre-detection determination timing within the 
period to which the third timing belongs, the pre-detection 
determination timing coming before the detection period; and 
use prohibition means for preventing use of the response 
change amount detected in the detection period or the element 
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resistance detected from the response change amount when 
the transmission of the data is determined to be being per 
formed. 

In the gas sensor control apparatus (14), the pre-detection 
transmission determination means is provided, and, in the 
case where the transmission of data is being performed at the 
pre-detection determination timing before the detection 
period, the response change amount detected in the detection 
period or the element resistance detected therefrom is not 
used. 
By virtue of this configuration, the response change 

amount or the element resistance affected by the transmission 
of data is not used, and only a proper value of the element 
resistance is used. 

In yet another preferred embodiment (15) of the above 
described gas sensor control apparatus (14), preferably, the 
instruction signal output means outputs the instruction signal 
every n-th period, where n is an integer equal to or greater than 
2; and the prevention means includes re-output means, oper 
able when the pre-detection transmission determination 
means determines that the transmission of the data is being 
performed, for causing the instruction signal output means to 
output the instruction signal again in a period Subsequent to 
the period in which the instruction signal was output. 

In the gas sensor control apparatus (15), the instruction 
signal output means outputs the instruction signal every time 
the period of the pulses occurs n times. In the case where the 
pre-detection transmission determination means determines 
that the transmission of data is being performed, the instruc 
tion signal output means is caused to output the instruction 
signal again in the period Subsequent to the period in which 
the instruction signal was output. 
By virtue of this configuration, the response change 

amount or the element resistance obtained when the detection 
period and the data transmission period overlap each other are 
prevented from being used, and the instruction signal is out 
put again in the next period in order to obtain the response 
change amount, whereby the element resistance can be 
detected. Thus, the element resistance can be detected sub 
stantially regularly. 

In yet another preferred embodiment (16) the above-de 
scribed gas sensor control apparatus (9), the prevention 
means includes overlap determination means for determining 
whether or not at least a portion of the detection period has 
actually overlapped with the transmission period of transmis 
sion of the data transmitted by the data transmission means; 
and use prohibition means for preventing use of the response 
change amount detected in the detection period or the element 
resistance detected from the response change amount when at 
least a portion of the detection period is determined to have 
overlapped with the transmission period. 

In the gas sensor control apparatus (16), overlap determi 
nation means is provided which determines whether or not at 
least a portion of the detection period has actually overlapped 
with the data transmission period. In the case where a deter 
mination is made that at least a portion of the detection period 
has actually overlapped with the data transmission period, the 
response change amount detected in the overlapping detec 
tion period or the element resistance obtained therefrom are 
prevented from being used, 

Thus, the response change amount or the element resis 
tance affected by the transmission of data is not used, 
whereby only a proper value of the element resistance is used. 

In yet another preferred embodiment (17) of the above 
described gas sensor control apparatus (16), preferably, the 
instruction signal output means outputs the instruction signal 
every n-th period, where n is an integer equal to or greater than 
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2; and the prevention means includes re-output means, oper 
able when the overlap determination means determines that at 
least a portion of the detection period has overlapped with the 
transmission period, for causing the instruction signal output 
means to output the instruction signal again in a period Sub 
sequent to the period in which the instruction signal was 
output. 

In the gas sensor control apparatus (17), the instruction 
signal output means outputs the instruction signal every time 
the period of the pulses occurs n times. Meanwhile, in the case 
where the overlap determination means determines that over 
lap has occurred, the instruction signal output means is 
caused to output the instruction signal again in the period 
Subsequent to the period in which the instruction signal was 
output. 
By virtue of this configuration, the response change 

amount obtained when the detection period overlapped with 
the data transmission period or the element resistance 
obtained from the response change amount is prevented from 
being used, and the instruction signal is output again in the 
next period, whereby a proper response change amount is 
obtained. Therefore, a proper element resistance can be 
detected Substantially regularly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory diagram schematically showing 
the configuration of a gas sensor control apparatus according 
to an embodiment of the invention. 

FIG. 2 is a timing chart showing operation timings of 
various sections of the gas sensor control apparatus according 
to the embodiment. 

FIG. 3 is a flowchart showing processing operation of a 
microprocessor of the gas sensor control apparatus according 
to the embodiment. 

FIG. 4 is a flowchart showing the details of a timer inter 
ruption routine. 

FIG. 5 is a flowchart showing the details of a trailing edge 
interruption routine. 

FIG. 6 is a flowchart showing the details of a heater ener 
gization control routine. 

FIG. 7 is an explanatory diagram schematically showing 
the configuration of a gas sensor control apparatus according 
to first through fifth modifications. 

FIG. 8 is a timing chart showing operation timings of 
various sections of the gas sensor control apparatus according 
to the first through fifth modifications. 

FIGS. 9A and 9B are flowcharts showing the details of a 
trailing edge interruption routine according to the first modi 
fication. 

FIGS. 10A and 10B are flowcharts showing the details of a 
trailing edge interruption routine according to the second 
modification. 

FIG. 11 is a flowchart showing the details of a leading edge 
interruption routine according to the third modification. 

FIGS. 12A and 12B are flowcharts showing the details of a 
trailing edge interruption routine according to the third modi 
fication. 

FIGS. 13A and 13B are flowcharts showing the details of a 
trailing edge interruption routine according to the fourth 
modification. 

FIGS. 14A and 14B are flowcharts showing the details of a 
timer interruption routine according to the fourth and fifth 
modifications. 
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10 
FIGS. 15A and 15B are flowcharts showing the details of a 

trailing edge interruption routine according to the fifth modi 
fication. 

DESCRIPTION OF REFERENCE NUMERALS 
AND SYMBOLS 

Reference numerals and symbols used to identify various 
features in the drawings include the following. 
1, 1A, 1B, 1C, 1D, 1E: gas sensor control apparatus 
2: gas sensor 
3: Sensor element section 
4: heater section 
14: pump cell 
24: electromotive force cell 
22, 28: electrode (of the electromotive force cell) 
Vs+, Ip+, COM: terminal (of the sensor element section) 
Vs: electromotive force cell voltage 
AVs: Voltage change amount (response change amount) 
Rpvs: element resistance of (the electromotive force cell) 
30: microprocessor 
34: PWM output port (heater energization control means) 
40: Sensor element section control circuit (change amount 

detection means) 
70: heater section control circuit (heater energization means) 
35: CAN protocol controller (data transmission means) 
80: CAN transceiver (data transmission means) 
100: ECU (external device) 
T. period 
PS: PWM pulse (pulse) 
PSW: pulse width 
ton: energization ON edge timing 
toff energization OFF edge timing 
t1: first timing 
t2: Second timing 
t3: third timing 
TW: wait time 
SC: instruction command (instruction signal) 
RT target resistance 
TD: detection delay time 
TK: detection operation period (detection period) 
T: 1-2 period 
T-1: 2-1 period 
TB-2: pre-output 1-2 period 
TO: output 2-1 period 
TB-2: maximum value of (the pre-output 1-2 periods) 
TB. minimum value of (the pre-output 1-2 periods) 
S4, S71 to S77: heater energization control means 
S73 to S74: maximum value control means 
S75 to S76: minimum value control means 
S25 to S28: element resistance detection means 
S32 to S37: instruction signal output means 
S131 to S134, S231 to S232, S41 to S43, S331 to S334, S431 

to S434, S421, S531 to S536: prevention means 
S131, S231: pre-output transmission determination means 
S131, S231, S331: output stopping means 
S132, S133, S134, S332, S333, S334: period postponing 

output means 
S231, S232: timing postponing output means 
S41, S42, S43: intra-period transmission determination 

CaS 

S431: pre-detection transmission determination means 
S432, S433, S434, S421, S534, S535: use prohibition means 
S432, S433, S434, S534, S535, S536: re-output means 
S531 to S533: overlap determination means 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will now be 
described with reference to the drawings. However, the 
present invention should not be construed as being limited 
thereto. 

FIG. 1 is a diagram schematically showing the configura 
tion of a gas sensor control apparatus 1 according to the 
present embodiment. The gas sensor control apparatus 
includes a gas sensor 2, a microprocessor 30, a sensorelement 
section control circuit 40, and a heater section control circuit 
T0. 
Of these, the gas sensor 2 is an air-fuel-ratio sensor (wide 

range oxygen sensor) which is attached to the exhaust pipe of 
the internal combustion engine of an unillustrated vehicle, 
linearly detects the oxygen concentration (air-fuel ratio) of 
exhaust gas, and is used so as to perform feedback control of 
air-fuel ratio for the internal combustion engine. The gas 
sensor 2 includes a sensor element section 3 for detecting the 
oxygen concentration, and a heater section 4 for heating the 
sensor element section 3. 
The sensor element section 3 has a known structure in 

which a pump cell 14 and an electromotive force cell 24 are 
stacked via a spacer constituting a hollow measurement 
chamber (not shown) into which exhaust gas can be intro 
duced. An electrode located on one side of the electromotive 
force cell 24 opposite the measurement chamber is covered 
by a protective layer (not shown). Each of the pump cell 14 
and the electromotive force cell 24 includes, as a Substrate, a 
platelike, oxygen-ion-conductive solid electrolyte member 
mainly made of zirconia, and porous platinum electrodes 12, 
16 and 22, 28 formed on opposite sides of the substrate. The 
electrode 16 at one end of the pump cell 14 and the electrode 
22 at one end of the electromotive force cell 24 are electrically 
connected to each other and are connected to a terminal COM 
of the sensor element section 3. The electrode 12 at the other 
end of the pump cell 14 is connected to a terminal Ip+ of the 
sensorelement section3, and the electrode 28 at the other end 
of the electromotive force cell 24 is connected to a terminal 
Vs+ of the sensor element section 3. 

The sensor element section control circuit 40 is mainly 
constituted by an ASIC (Application-Specific Integrated Cir 
cuit), and is connected to the terminals Vs+, Ip+, COM of the 
sensor element section 3 via connection paths 41, 42, 43 
(specifically, wiring lines on the circuit and lead wires). While 
Supplying a very small current Icp to the electromotive force 
cell 24 of the sensor element section 3, the sensor element 
section control circuit 40 controls the pump cell current Ip 
flowing through the pump cell 14. Particularly, that the elec 
tromotive force cell voltage Vs becomes 450 mV, to thereby 
pump out oxygen contained in the exhaust gas introduced into 
the measurement chamber or pump oxygen into the measure 
ment chamber. Since the magnitude and flow direction of the 
pump cell current Ip flowing through the pump cell 14 change 
depending on the oxygen concentration (air-fuel ratio) of the 
exhaust gas, the concentration of oxygen contained in the 
exhaust gas can be calculated on the basis of the pump cell 
current Ip. 

In the sensor element section control circuit 40, the mag 
nitude of the pump cell current Ip is converted to a Voltage 
signal, which is output from a gas detection signal output 
terminal 44 as a gas detection signal Vip (to be described 
later). Also, in addition to the gas detection signal Vip, the 
sensor element section control circuit 40 detects a Voltage 
change amount AVs (described below). The Voltage change 
amount AVs changes in accordance with the element resis 
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12 
tance RpVs of the electromotive force cell 24 of the sensor 
element section 3, and is output from a Voltage change 
amount output terminal 45. The microprocessor 30 receives 
the gas detection signal Vip and the Voltage change amount 
AVs via A/D input ports 31, 32. 
The heater section control circuit 70 is connected to the 

heater section 4 of the gas sensor 2 via two lead wires 71, 72. 
and is connected to a PWM output port 34 of the micropro 
cessor 30. The heater section control circuit 70 supplies elec 
tric current to the heater section 4, through PWM control, in 
accordance with PWM pulses PS output from the PWM out 
put port 34. The heater section 4 is united with the sensor 
element section 3. Through heating by the heater section 4. 
the pump cell 14 and the electromotive force cell 24 of the 
sensor element section 3 are activated, whereby detection of 
the oxygen concentration becomes possible. 
The heater section control circuit 70 supplies electric cur 

rent to the heater section 4 when a signal containing the PWM 
pulses PS output from the PWM output port 34 of the micro 
processor 30 is at an H level. Also, the heater section control 
circuit 70 stops the supply of electric current to the heater 
section 4 when the signal containing the PWM pulses PS is at 
an L level. 

Next, operation of the sensor element section control cir 
cuit 40 for detecting the oxygen concentration through use of 
the sensor element section 3 will be described. 
The terminal COM of the sensor element section 3 is con 

nected to a Vcent point of the sensor element section control 
circuit 40 via the connection path 43 and a resistor R of the 
sensor element section control circuit 40. The terminal Ip+ is 
connected to the output terminal of a second operational 
amplifier OP2 of the sensor element section control circuit 40 
via the connection path 42. The terminal Vs+ is connected to 
the noninverting input terminal+ of a fourth operational 
amplifier OP4 of the sensor element section control circuit 40 
via the connection path 41. The terminal Vs-- is also con 
nected to a constant current source circuit 62 of the sensor 
element section control circuit 40. The constant current 
Source circuit 62 includes a constant current source and a 
resistor connected in series thereto, and Supplies the above 
mentioned very small current Icp to the electromotive force 
cell 24. 
The sensor element section control circuit 40 is composed 

offirst through fifth operational amplifiers OP1-OP5, one first 
switch SW1, three second switches SW2, two third switches 
SW3, a PID control circuit 69, a differential amplification 
circuit 61, current sources 63, 64, 65, 66, a control section59, 
etc., as well as the above-mentioned resistor R and constant 
current source circuit 62. The constant current source circuit 
62, the electromotive force cell 24, and the resistor R are 
connected in this order through the connection path 41, 43 to 
thereby form a current path through which the very small 
current Icp is caused to flow. 
When the oxygen concentration is measured, the first 

switch SW1 is brought into the ON state by the control section 
59. As a result, the potential at the terminal Vs-- of the sensor 
element section3 is input to the PID control circuit 69 via the 
connection path 41 and the fourth operational amplifier OP4 
and the first operational amplifier OP1, which form a voltage 
follower circuit. The control section 59 is a logic circuit 
formed within the ASIC, which constitutes the sensorelement 
section control circuit 40. The control section 59 is connected 
to a serial transmission port 33 of the microprocessor 30 via a 
command reception port 46 of the sensor element section 
control circuit 40. In response to instructions from the micro 
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processor 30, the control section 59 controls the ON/OFF 
states of the first through third switches SW1-SW3 and per 
forms other controls. 
One input terminal of the second operational amplifier OP2 

is connected to the Vcent point, and a reference Voltage (+3.6 
V) is applied to the other input terminal of the second opera 
tional amplifier OP2. As described above, the output terminal 
of the second operational amplifier OP2 is connected to the 
terminal Ip+ of the sensor element section 3 via the connec 
tion path 42. 

The PID control circuit 69 controls the magnitude of the 
pump cell current Ip by means of PID control (proportional 
integral-derivative control) such that a voltage difference of 
450 mV is produced between the potential at the Vcent point 
and the potential at the terminal Vs-- of the sensor element 
section 3 which is input via the fourth operational amplifier 
OP4 and the first operational amplifier OP1. Specifically, the 
PID control circuit 69 calculates, through PID computation, 
the difference between a target control voltage (450 mV) and 
the electromotive force cell voltage Vs between the electrodes 
28, 22 of the electromotive force cell 24, and feeds the dif 
ference back to the second operational amplifier OP2. Thus, 
the second operational amplifier OP2 supplies the pump cell 
current Ip to the pump cell 14. 

Moreover, the sensor element section control circuit 40 
includes a detection resistor R1, which detects the magnitude 
of the pump cell current Ip, and converts it to a Voltage signal. 
The voltage generated across the detection resistor R1 (the 
difference between potentials Vcent and Vpid) is differen 
tially amplified by the differential amplification circuit 61, 
and is output from the gas detection signal output terminal 44 
as the gas detection signal Vip. 
The microprocessor 30 receives the gas detection signal 

Vip through the A/D input port 31, and converts it to a digital 
value. The microprocessor 30 then calculates an oxygen con 
centration corresponding to the gas detection signal Vip on 
the basis of a map or a calculation equation held therein. 

Next, the operation of the sensor element section control 
circuit 40 for detecting a voltage change amount AVs will be 
described, which changes with the element resistance Rpvs of 
the electromotive force cell 24 of the sensor element section 
3. 

In the sensor element section control circuit 40, the first 
operational amplifier OP1 forms a sample hold circuit in 
cooperation with the first switch SW1 and a capacitor C1. 
When the operation of detecting the Voltage change amount 
AVs is performed, the first switch SW1 is switched from the 
ON state to the OFF state by the control section59. As a result, 
the sample hold circuit holds the potential at the terminal Vs-- 
of the sensor element section 3 immediately before perform 
ing the operation of detecting the Voltage change amount 
AVs. Therefore, during a period during which the operation of 
detecting the Voltage change amount AVs is being performed, 
the potential at the terminal Vs-- before performing the opera 
tion of detecting the Voltage change amount AVs (the Voltage 
held by the first operational amplifier OP1) is input to the PID 
control circuit 69, and a gas detection signal Vip correspond 
ing to the held voltage is output from the gas detection signal 
output terminal 44. 

Also, the control section 59 Switches the second switches 
SW2 from the OFF state to the ON state after having brought 
the first switch SW1 into the OFF state. At this time, the third 
switches SW3 remain in the OFF state. It is only during a 
period during which the second switches SW2 are in the ON 
state that a current path is temporarily formed starting from 
the current Source 65 and extending through one second 
switch SW2, the connection path 43, the terminal COM (the 
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electrode 22), the electromotive force cell 24, the terminal 
Vs+ (the electrode 28), the connection path 41, another sec 
ond switch SW2, and the current source 63 in this order. In 
this manner, the constant current -Iconst flows through the 
electromotive force cell 24. 
The third operational amplifier OP3, which forms a differ 

ential amplification circuit, outputs a Voltage corresponding 
to the difference between the voltage held by the first opera 
tional amplifier OP1 (the potential at the terminal Vs-- at the 
time immediately before the present time) and the potential at 
the terminal Vs-- generated as a result of the flow of the 
constant current-Iconst through the electromotive force cell 
24 (the output of the fourth operational amplifier OP4). This 
Voltage is the Voltage change amount AVs. 
The voltage change amount AVs output from the third 

operational amplifier OP3 is input to a sample and hold circuit 
formed by the fifth operational amplifier OP5 in cooperation 
with the corresponding second switch SW2, a resistor R2, and 
a capacitor C2. In this sample and hold circuit, the Voltage 
change amount AVs input from the third operational amplifier 
OP3 when the second Switches SW2 are in the ON State is 
held by the capacitor C2 even after the second switches SW2 
are bought into the OFF state, and the held voltage change 
amount AVs is output from the Voltage change amount output 
terminal 45. Namely, during a period during which the opera 
tion of detecting the Voltage change amount AVs is being 
performed, the second switches SW2 remain in the ON state, 
and the Voltage change amount AVs input from the third 
operational amplifier OP3 is output as is through the fifth 
operational amplifier OP5. After the second switches SW2 
are brought into the OFF state upon competition of the opera 
tion of detecting the voltage change amount AVs, the voltage 
change amount AVs held by the fifth operational amplifier 
OP5 is output. 
The microprocessor 30 receives the Voltage change amount 

AVs output from the Voltage change amount output terminal 
45 via the A/D input port32, and converts it to a digital value. 
The Voltage change amount AVS corresponds to a Voltage 
drop produced by the element resistance Rpvs of the electro 
motive force cell 24 as a result of the flow of the constant 
current-Iconst therethrough. Therefore, the microprocessor 
30 can detect (calculate) the element resistance Rip vs of the 
electromotive force cell 24 from the Voltage change amount 
AVS. 

Notably, the period of the operation of detecting the volt 
age change amount AVs; i.e., the period during which the 
second switches SW2 remain in the ON state, is controlled by 
the control section 59 (in the present embodiment, the period 
is set to 60 usec). However, even after the second switches 
SW2 are switched to the OFF state, the voltage change 
amount AVs is held by the fifth operational amplifier OP5. 
Therefore, the microprocessor 30 is not required to acquire 
the Voltage change amount AVs during the period of the 
operation of detecting the Voltage change amount AVs (the 60 
usec period), and can acquire the held voltage change amount 
AVs at an arbitrary timing after the second switches SW2 are 
Switched to the OFF State. 
Upon completion of the operation of detecting the Voltage 

change amount AVs, the control section 59 brings the second 
switches SW2 into the OFF state, and then switches the third 
Switches SW3 from the OFF State to the ON State. The first 
switch SW1 remains in the OFF state. As a result of the third 
switches SW3 being brought into the ON state, a current path 
is formed starting from the current source 64 and extending 
through one of the third switches SW3, the connection path 
41, the terminal Vs-- (the electrode 28), the electromotive 
force cell 24, the terminal COM (the electrode 22), the con 
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nection path 43, the other of the third switches SW3, and the 
current source 66 in this order. In this manner, the constant 
current +Iconst flows through the electromotive force cell 24. 

This constant current +Iconst is opposite in polarity to the 
constant current -Iconst Supplied to the electromotive force 5 
cell 24 during the period of the operation of detecting the 
Voltage change amount AVs. The period during which the 
third switches SW3 remain in the ON state is set to 60 usec as 
in the case of the period during which the second switches 
SW2 remain in the ON state. Notably, by supplying the con- 10 
stant current +Iconsthaving the opposite polarity to the elec 
tromotive force cell 24 as described above, it becomes pos 
sible to shorten a time needed to return to a normal state from 
a state in which the electromotive force cell 24 does not output 
a value of internal electromotive force reflecting the true 15 
oxygen concentration difference. This is because the internal 
electromotive force is affected by the orientation of the solid 
electrolyte member which constitutes the electromotive force 
cell 24. 
The control section 59 brings the third switches SW3 into 20 

the OFF state after having supplied the constant current 
+Iconst to the electromotive force cell 24 for 60 usec by 
bringing the third switches SW3 into the ON state. Subse 
quently, after elapse of a predetermined stabilization waiting 
time required for the electromotive force cell 24 to return to 25 
the normal state in which the electromotive force cell 24 
outputs the value of internal electromotive force reflecting the 
true oxygen concentration difference, the first switch SW1 is 
returned to the ON state. 
By virtue of the above-described control, the sensor ele- 30 

ment section control circuit 40 is temporarily switched from 
the state for performing the operation of detecting the gas 
detection signal Vip corresponding to the oxygen concentra 
tion, so as to perform the operation of detecting the Voltage 
change amount AVs, which changes with the element resis- 35 
tance Rpvs of the electromotive force cell 24, and then returns 
to the state for performing the operation of detecting the gas 
detection signal Vip. During the period during which the 
operation of detecting the Voltage change amount AVs is 
being performed, the gas detection signal Vip held at the time 40 
immediately before this period is output. Also, after comple 
tion of the operation of detecting the Voltage change amount 
AVs, the voltage change amount AVs is held. This series of 
operations is controlled by the control section 59 in accor 
dance with an instruction command SC (instruction signal) 45 
which is sent from the microprocessor 30 to the control sec 
tion 59 through the serial transmission port 33 and which 
instructs the detection of the Voltage change amount AVs. 

Incidentally, in order to properly detect the gas detection 
signal Vip corresponding to the oxygen concentration, the 50 
pump cell 14 and the electromotive force cell 24 of the sensor 
element section 3 must be maintained at an appropriate acti 
vation temperature. Therefore, the microprocessor 30 peri 
odically detects the Voltage change amount AVs, and detects 
(calculates) the element resistance Rpvs of the electromotive 55 
force cell 24 from the voltage change amount AVs. The ele 
ment resistance RpVS has a correlation with the element tem 
perature of the sensor element section 3. In view of this fact, 
a target resistance RT at which the element temperature 
becomes equal to the predetermined activation temperature is 60 
determined, and the supply of electric current to the heater 
section 4 is feedback-controlled by the heater section control 
circuit 70 such that the element resistance Rip vs becomes 
equal to the target resistance RT, whereby the sensor element 
section 3 is heated. 65 
As described above, the control of the supply of electric 

current to the heater section 4 performed by the heater section 

16 
control circuit 70 is PWM control. Therefore, switching noise 
may be generated at timings at which the state of energization 
of the heater section 4 is switched from the OFF state to the 
ON State and Switched from the ON State to the OFF State. 
Accordingly, if the timing of Switching the heater energiza 
tion state overlaps with the timing of the operation of detect 
ing the Voltage change amount AVs by the sensor element 
section control circuit 40, due to influence of the switching 
noise, the Voltage change amount AVS cannot be detected 
correctly. 

In order to solve such a drawback, in the present embodi 
ment, the timing of Switching the heater energization state is 
prevented from overlapping with the period of the operation 
of detecting the Voltage change amount AVs by the sensor 
element section control circuit 40. 

FIG. 2 is a timing chart showing the operation timings of 
the various portions of the gas sensor control apparatus 1 of 
the present embodiment. 

In the present embodiment, the PWM pulses PS are output 
from the PWM output port 34 of the microprocessor 30, and 
the period T of the PWM pulses PS is set to 10 msec (fixed 
value). In the present embodiment, electric current is Supplied 
to the heater section 4 (the energization state is the ON state) 
when the signal containing the PWM pulses PS is at the H 
level, and no electric current is Supplied to the heater section 
4 (the energization state is the OFF state) when the signal 
containing the PWM pulses PS is at the L level. Herein, the 
length of each period during which the signal containing the 
PWM pulses PS is at the H level will be referred as a pulse 
width PSW. Also, the ratio of the pulse width PSW to the 
period T will be referred to the duty ratio (ON duty ratio) of 
the PWM pulses PS. Notably, the PWM output port 34 func 
tions in conjunction with a timer counter (not shown) incor 
porated in the microprocessor 30. Specifically, this timer 
counter includes a register for comparison with a count value 
corresponding to the period T of the PWM pulses PS, and a 
register for comparison with a count value corresponding to 
the pulse width PSW (duty ratio). The timer counter counters 
clock signals input to the microprocessor 30. Every time the 
count value of the timer counter becomes equal to the count 
value corresponding to the period T, the count value is reset, 
and the output of the PWM output port 34 changes from the L 
level to the H level. Also, every time the count value of the 
timer counter becomes equal to the count value correspond 
ing to the pulse width PSW, the output of the PWM output 
port 34 changes from the H level to the L level. 

Count values corresponding to the period T and the pulse 
width PSW (duty ratio) are set to the registers of the above 
mentioned timer counter, and an output corresponding to the 
PWM output port 34 is turned on, whereby the PWM output 
port 34 starts its operation. During a period during which the 
period T and the pulse width PSW are not changed, the PWM 
pulses PS having a fixed period T and a fixed pulse width 
PSW are output successively. In the present embodiment, the 
period T is not changed from 10 msec; however, the pulse 
width PSW (duty ratio) is changed as a result of feedback 
control of the element resistance Rpvs performed such that it 
becomes equal to the target resistance RT. At this time, a first 
timing till (energization ON edge timing ton), at which the 
state of energization of the heater section 4 is switched from 
the OFF state to the ON state, corresponds to the leading edge 
PSU of each PWM pulse PS, and comes at fixed intervals 
corresponding to the period T. Notably, even when the set 
pulse width PSW (duty ratio) is changed, the output of the 
PWM output port 34 changes in synchronism with the leading 
edge PSU of each PWM pulse PS. Therefore, the interval 
between adjacent first timings t1 is always constant, and is 
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equal to the periodT (=10 msec). Meanwhile, a second timing 
t2 (energization OFF edge timing toff) at which the state of 
energization of the heater section 4 is switched from the ON 
state to the OFF state corresponds to the trailing edge PSD of 
each PWM pulse PS, and changes in accordance with the 
pulse width PSW. 

In view of the foregoing, in the present embodiment, at a 
third timing t3 which comes after elapse of a predetermined 
wait time TW (=200 usec) from the second timing t2, the 
microprocessor 30 sends an instruction command SC (in 
struction signal) instructing the detection of the Voltage 
change amount AVs to the control section 59 of the sensor 
element section control circuit 40 through the serial transmis 
sion port33. Upon receipt of the instruction command SC, the 
control section 59 of the sensor element section control cir 
cuit 40 performs the operation of detecting the Voltage change 
amount AVs by the sensor element section control circuit 40. 
The sensor element section control circuit 40 detects the 

Voltage change amount AVs as described above. Specifically, 
the control section 59 brings the second switches SW2 of the 
sensor element section control circuit 40 in the ON state for a 
period of 60 usec Such that the constant current -Iconst is 
supplied to the electromotive force cell 24. The sensor ele 
ment section control circuit 40 outputs the Voltage change 
amount AVs corresponding to the difference between the 
potential at the terminal Vs+ (the electrode 28 of the electro 
motive force cell 24) at that time and the potential at the 
terminal Vs--at a time immediately before that time. Then, the 
control section 59 brings the second switches SW2 into the 
OFF state so as to hold the voltage change amount AVs. 
Therefore, at least the 60 usec period during which the second 
switches SW2 remain in the ON state (hereinafter referred to 
as the period TK of the operation of detecting the voltage 
change amount AVs: see FIG. 2) should not overlap with the 
timing of Switching the heater energization state. 

In view of this, in the present embodiment, the instruction 
command SC is output at the third timing t3, which comes 
after elapse of the wait time TW (=200 usec) from the second 
timing t2 (energization OFF edge timing toff). Therefore, 
even when the second timing t2 changes, the second timing t2 
does not overlap with the 60 usec period TK of the operation 
of detecting the Voltage change amount AVs. 

Notably, in the present embodiment, the output of the 
instruction command SC at the third timing t3 is performed 
every 10-th period T of the PWM pulses PS. Accordingly, the 
detection of the Voltage change amount AVs is performed at 
intervals of 100 msec, which is ten times the period T (=10 
msec) of the PWM pulses PS. 

Incidentally, the pulse width PSW (duty ratio) of the PWM 
pulses PS is determined as a result of feedback control (PID 
control) of the supply of electric current to the heater section 
4. Such that the element resistance RpVS becomes equal to the 
target resistance RT. Therefore, in a period during which the 
element temperature of the sensor element section 3 is low, a 
control for increasing the pulse width PSW (duty ratio) is 
performed. Thus, if the interval between the second timing t2 
and the first timing t1 which comes after the second timing t2 
decreases, the period TK of the operation of detecting the 
Voltage change amount AVs may overlap with the Switching 
of the energization state of the heater section 4 at the first 
timing t1 which comes next. 

In order to avoid such a possibility, in the present embodi 
ment, the period TK of the operation of detecting the voltage 
change amount AVs is determined such that it overlaps with 
neither the second timing t2 nor the first timing t1 which 
COmeS neXt. 
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Notably, in the following description, the period between a 

first timing til and a second timing t2 which comes after that 
will be referred to as a 1-2 periodT, and the period between 
a second timing t2 and a first timing til which comes after that 
will be referred to as a 2-1 period T. Also, as described 
above, in the present embodiment, every time the period 
which is equal to 10 times the period T of the PWM pulses PS 
elapses, the instruction command SC is output so as to detect 
the voltage change amount AVs. In view of this, of the 2-1 
periods T-, 2-1 periods T-1 including the third timing t3 at 
which the instruction command SC is output will be referred 
to as output 2-1 period TO, and, of the 1-2 periods T-2, 1-2 
periods T immediately before the output 2-1 period TO 
will be referred to as pre-output 1-2 period TB (see FIG.2). 

In order to prevent the period TK of the operation of detect 
ing the Voltage change amount AVs from overlapping with 
the first timing till which comes next, the output 2-1 period 
TO must be rendered longer than the sum of the wait time 
TW (=200 usec) between the second timing t2 and the third 
timing t3 (output of the instruction command SC) and a 
detection delay time TD between the commencement of the 
output of the instruction command SC and the completion of 
the operation of detecting the Voltage change amount AVs (in 
the present embodiment, the detection delay time TD is about 
180 usec including the detection operation period TK of 60 
usec). In view of this, in the present embodiment, the maxi 
mum value TB of the pre-output 1-2 period TB is 
determined such that the output 2-1 period TO, become 
longer the sum of the wait time TW and the detection delay 
time TD. Thus, even when an operation for increasing the 
pulse width PSW (duty ratio) of the PWM pulses PS is per 
formed, the length of the pre-output 1-2 period TB is 
restricted to the maximum value TB or less when the 
operation of detecting the Voltage change amount AVs is 
performed (in the periods T in which the instruction com 
mand SC is output). However, in the present embodiment, a 
period of about 250 usec (the detection delay time TD (about 
180 usec)+the time required to complete the supply of the 
constant current +Iconst) is referred to as a detection delay 
time TDe, and the maximum value TB of the pre-output 
1-2 period TB is determined such that the output 2-1 peri 
ods TO become longer the sum of the wait time TW and the 
detection delay time TDe. 

However, if control is performed such that the restriction 
by the maximum value TB is applied to the pre-output 
1-2 period TB of the 1-2 periods T-2 and is not applied to 
the remaining 1-2 periods T, the control becomes complex. 
In view of this, in the present embodiment, the maximum 
value TB is set to 9.5 m sec, and the length of all the 1-2 
periods T including the pre-output 1-2 period TB is 
restricted to the maximum value TB-2 (9.5 mSec) or less. 
Namely, the maximum value of the pulse width PSW is set to 
9.5 msec, and the maximum value of the duty ratio is set to 
95% (=9.5/100x100). 
By virtue of such setting, all the 2-1 periods.T., including 

the output 2-1 period TO, can have a length of 500 usec. 
This length of 500 usec is longer the sum of the wait time 
TW (=200 usec) from the second timing t2 to the third timing 
t3 and the detection delay time TD (about 180 usec) between 
the output of the instruction command SC and the completion 
of the operation of detecting the Voltage change amount AVs. 
Therefore, in the present embodiment, the period TK of the 
operation of detecting the Voltage change amount AVs does 
not overlap with the first timing t1 which comes next. Nota 
bly, in the present embodiment, this length of 500 usec is 
rendered longer than the sum of the wait time TW and the 
detection delay time TDe (about 250 usec). 
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Also, in the present embodiment, the minimum value 
TB of the length of the pre-output 1-2 period TB is set 
to 50 usec in advance. Also, the length of all the 1-2 periods 
T, including the pre-output 1-2 period TB, is restricted 
to the minimum value TB-2 (50 usec) or greater. Namely, 
the minimum value of the pulse width PSW is set to 50 usec, 
and the minimum value of the duty ratio is set to 0.5%. By 
virtue of this setting, even when a control for decreasing the 
pulse width PSW (duty ratio) of the PWM pulses PS is per 
formed, it is possible to prevent occurrence of a state in which 
the duty ratio becomes 0% and the output of the PWM pulses 
PS stops. Namely, the first timing til and the second timing t2 
are present without fail. Therefore, the third timing t3 subse 
quent to the second timing t2 can be secured, and the Voltage 
change amount AVs can be detected without fail. 

Next, the operation of the gas sensor control apparatus 1 (in 
particular, the microprocessor 30) according to the present 
embodiment will be described with reference to the flowchart 
of FIG. 3. 

First, when an ignition key (not shown) is turned on, the 
microprocessor 30 of the gas sensor control apparatus 1 starts 
upon supply of electric power thereto. In step S1, the micro 
processor 30 performs a necessary initial setting. 

In step S2 subsequent thereto, the microprocessor 30 resets 
the AVs detection timing counter to zero. Next, the micropro 
cessor 30 proceeds to step S3 in order to perform the initial 
setting of the PWM output port 34 of the microprocessor 30 
and the timer counter which functions in conjunction with the 
PWM output port 34, to thereby set the PWM period T to 10 
msec and set the PWM duty ratio to an initial value. Notably, 
this initial value is determined on the basis of the control 
performed during a pre-heating period before the sensor ele 
ment section 3 becomes active. However, in the flowing 
description, the control during the pre-heating period will not 
be described. Next, the microprocessor 30 proceeds to step S4 
so as to bring the PWM output port 34 of the microprocessor 
30 into the ON state, to thereby start the energization of the 
heater section 4. 

Next, the microprocessor 30 proceeds to step S5 so as to 
permit trailing edge interruptions (interruptions generated at 
the trailing edges of the PWM pulses PS). The trailing edge 
interruptions are generated by the timer counter which func 
tions in conjunction with the PWM output port 34. Also, the 
microprocessor 30 permits interruptions generated by a 1 
msec interval timer which operates separately from the timer 
counter. Further, in step S6, the microprocessor 30 starts a 10 
msec interval timer used for measuring the intervals of the 
energization control for the heater section 4. Notably, the 
intervals of 10 msec measured by this timer are rendered 
equal to the PWM period T (=10 msec). 

After that, the microprocessor 30 proceeds to step S7, and 
executes a heater energization control routine, described 
below, so as to calculate the PWM duty ratio and output the 
PWM pulses PS, whereby the energization of the heater sec 
tion 4 is controlled. Also, in step S8 subsequent thereto, the 
microprocessor 30 determines whether or not an end instruc 
tion which instructs the microprocessor 30 to end the heater 
energization control has been issued because, for example, 
the engine has been stopped. In the case where the end 
instruction has not yet been issued (No), the microprocessor 
30 proceeds to step S9. 

Meanwhile, when the instruction for ending the heater 
energization control is issued because, for example, the 
engine has been stopped, the microprocessor 30 makes a 
“Yes” determination in step S8, and then proceeds to step 
S10. In step S10, the microprocessor 30 stops the timers and 
interruptions started or permitted in steps S5 and S6, and 
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brings the output of the PWM output port 34 of the micro 
processor 30 into the OFF state so as to stop the supply of 
electric current to the heater section 4. After that, the micro 
processor 30 ends the present control program. 

In step S9, the microprocessor 30 determines, through use 
of the 10 msec interval timer started in step S6, whether or not 
10 msec, which is the interval of the energization control for 
the heater section 4, has elapsed. In the case where 10 msec 
has not yet elapsed (No), the microprocessor 30 returns to 
step S8, and repeats step S8 and step S9. Thus, while moni 
toring the instruction for ending the heater energization con 
trol in step S8, the microprocessor 30 waits for an elapse of 10 
msec in step S9. When 10 msec has elapsed, the micropro 
cessor 30 makes a “Yes” determination in step S9, and returns 
to step S7 so as to repeat the energization control for the heater 
section 4 at intervals of 10 msec. Notably, while repeating the 
above-described steps S7 to S9, the microprocessor 30 
executes a timer interruption routine, described below, at 
intervals of 1 m.sec. Also, the microprocessor 30 executes a 
trailing edge interruption routine, which will be described 
later, at the trailing edge PSD of each PWM pulse PS. 

Next, a 1 msec-interval-timer interruption routine will be 
described with reference to the flowchart of FIG. 4. In the 
period during which the steps S7 to S9 of FIG.3 are executed, 
timer interruption occurs at intervals of 1 mSec, and the 
present routine is executed. 

First, in step S21, the microprocessor 30 samples, through 
the A/D input port 31, the gas detection signal Vip output from 
the gas detection signal output terminal 44 of the sensor 
element section control circuit 40. 

Next, in step S22, the microprocessor 30 performs process 
ing of averaging the sampled values of the gas detection 
signal Vip every time the sampling is performed a predeter 
mined number of times. In step S23 subsequent thereto, the 
microprocessor 30 calculates a gas concentration on the basis 
of the averaged value of the gas detection signal Vip. In step 
S24 subsequent thereto, the microprocessor 30 stores the 
calculated gas concentration in a predetermined memory. 

Next, in step S25, the microprocessor 30 samples, through 
the A/D input port 32, the Voltage change amount AVs output 
from the Voltage change amount output terminal 45 of the 
sensor element section control circuit 40. 

Subsequently, in step S26, the microprocessor 30 performs 
processing of averaging the sampled Voltage change amounts 
AVs every time the sampling is performed a predetermined 
number of times. In step S27 subsequent thereto, the micro 
processor 30 calculates the element resistance RpVs on the 
basis of the voltage change amount AVs. In step S28 subse 
quent thereto, the microprocessor 30 stores the calculated 
element resistance Rip VS in a predetermined memory. After 
that, the microprocessor 30 ends this 1 msec-interval-timer 
interruption routine. 

Next, a trailing edge interruption routine will be described 
with reference to the flowchart of FIG. 5. In the period during 
which the steps S7 to S9 of FIG. 3 are executed, the timer 
counter, which functions in conjunction with the PWM out 
put port 34, generates an interruption every time the trailing 
edge PSD of each PWM pulse PS (the second timing t2) 
comes, whereby the present routine is executed. 

First, in step S31, the microprocessor 30 prohibits the 
above-mentioned timer interruption at intervals of 1 mSec. 
Thus, during a period during which the trailing edge interrup 
tion routine is being executed, the timer interruption at inter 
vals of 1 msec is not accepted, and the present edge interrup 
tion processing is performed preferentially. In step S32 
subsequent thereto, the microprocessor 30 increases the value 
of the AVs detection timing counter by 1 (increment). Next, in 
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step S33, the microprocessor 30 determines whether or not 
the value of the AVs detection timing counter is 10. In the case 
where the value of the AVs detection timing counter is not 10 
(No), the microprocessor 30 proceeds to step S38. Mean 
while, when the value of the AVs detection timing counter 
reaches 10, the microprocessor 30 makes a “Yes” determina 
tion in step S33, and proceeds to step S34. In step S34, the 
microprocessor 30 resets the value of the AVs detection tim 
ing counter to 0. Accordingly, steps S34 to S37 are executed 
only one time every time the trailing edge PSD of each PWM 
pulse PS (the second timing t2) occurs 10 times. 

In step S35 subsequent to step S34, the microprocessor 30 
starts a timer for clocking the time of 200 usec (wait time 
TW). 

In step S36 subsequent thereto, the microprocessor 30 
waits until the 200 usec timer started in step S35 is up. That is, 
until the timer is up (No), the microprocessor 30 repeats step 
S36. When 200 usec (wait time TW) has elapsed and the timer 
is up (Yes: third timing t3), the microprocessor 30 proceeds to 
step S37. 

In step S37, the microprocessor 30 sends, through the serial 
transmission port 33, the instruction command SC (instruc 
tion signal) for instructing the detection of the Voltage change 
amount AVs to the control section 59 of the sensor element 
section control circuit 40. Upon completing the transmission 
of the instruction command SC, the microprocessor 30 pro 
ceeds to step S38. Upon receiving the instruction command 
SC, the control section 59 of the sensor element section 
control circuit 40 performs the above-described operation of 
detecting the Voltage change amount AVs. Notably, the 
above-mentioned detection delay time TD of about 180 usec 
as measured from the start of transmission of the instruction 
command SC is required for the microprocessor 30 to obtain 
and hold the Voltage change amount AVs detected in the 
detection operation period TK and output from the voltage 
change amount out terminal 45 of the sensor element section 
control circuit 40. Notably, the detection delay time TDe 
including the time required to compete the Supply of the 
constant current +Iconst is about 250 usec (see FIG. 2). 

In step S38, the microprocessor 30 again permits the timer 
interruption at intervals of 1 mSec once prohibited, and ends 
this interruption routine. 

Next, a heater energization control routine will be 
described with reference to the flowchart of FIG. 6. As 
described above, the present routine is executed in step S7 of 
FIG. 3 at intervals of 10 msec. 

First, in step S71, the microprocessor 30 reads out from the 
memory the element resistance Rpvs stored in step S28 of 
FIG. 4. Next, in step S72, the microprocessor 30 calculates 
the PWM duty ratio by means of PID control such that the 
read element resistance RpVS coincides with the target resis 
tance RT. 

Next, the microprocessor 30 proceeds to step S73, and 
determines whether or not the calculated PWM duty ratio is 
equal to or less than the maximum value (95%) (i.e., whether 
or not the pulse width PSW is equal to or less than the 
maximum value TB-2 (9.5 mSec). In the case where the 
calculated PWM duty ratio is equal to or less than the maxi 
mum value (95%) (Yes), the microprocessor 30 proceeds to 
step S75. Meanwhile, in the case where the calculated PWM 
duty ratio is greater than the maximum value (95%) (No), the 
microprocessor 30 proceeds to step S74 so as to set the PWM 
duty ratio to the maximum value (95%), and then proceeds 
step S77. As a result, a period of 500 usec is secured between 
the trailing edge PSD (the second timing t2) of each PWM 
pulse PS and the leading edge PSU (the first timing til) of 
another PWM pulse PS which comes next. As described 
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above, the length of this 500 usec period is greater than the 
sum of the wait time TW (=200 usec) and the detection delay 
time TD (about 180 usec). Furthermore, in the present 
embodiment, the length of this 500 usec period is rendered 
greater than the sum of the wait time TW (=200 usec) and the 
detection time TDe (about 250 usec). 

In step S75, the microprocessor 30 determines whether or 
not the calculated PWM duty ratio is equal to or greater than 
the minimum value (0.5%) (i.e., whether or not the pulse 
width PSW is equal to or greater than the minimum value 
TB (50 usec)). In the case where the calculated PWM 
duty ratio is equal to or greater than the minimum value 
(0.5%) (Yes), the microprocessor 30 proceeds to step S77. 
Meanwhile, in the case where the calculated PWM duty ratio 
is less than the minimum value (0.5%) (No), the micropro 
cessor 30 proceeds to step S76 so as to set the PWM duty ratio 
to the minimum value (0.5%), and then proceeds to step S77. 
As a result, a period of 50 usec is secured between the leading 
edge PSU (the first timing t1) of each PWM pulse PS and the 
trailing edge PSD (the second timing t2) thereof which comes 
next, whereby the first timing t1 and the second timing t2 are 
present without fail. 

In step S77, the microprocessor 30 outputs a PWM pulse 
PS from the PWM output port 34 at the updated PWM duty 
ratio, and then ends this heater energization control routine. 
Notably, the output of the PWM pulse PS from the PWM 
output port 34 at the updated PWM duty ratio changes in 
synchronism with the leading edge PSU (the first timing til) of 
the next PWM pulse PS. The next second timing t2 (the 
trailing edge PSD) changes in accordance with the updated 
pulse width PSW of the PWM pulse PS, and the trailing edge 
interruption is generated at the new second timing t2. 

Thus, the PWM duty ratio is controlled such that the period 
TK of the operation of detecting the Voltage change amount 
AVs overlaps with neither the second timing t2 (the trailing 
edge PSD) nor the first timing till (the leading edge PSU) 
which comes next. By virtue of such control, Switching noise 
generated as a result of Switching of the heater energization 
state is prevented from affecting the detection of the voltage 
change amount AVs (accordingly, the detection of the ele 
ment resistance RpVs). Therefore, the element resistance 
RpVs can be detected without fail. 

Notably, in the present embodiment, the Voltage change 
amount AVs corresponds to the response change amount in 
the present invention, and the sensor element section control 
circuit 40 which performs the operation of detecting the volt 
age change amount AVS corresponds to the change amount 
detection means in the present invention. 
The microprocessor 30 which executes steps S25 to S28 

corresponds to the element resistance detection means for 
detecting the element resistance RpVS. 
The microprocessor 30 which executes steps S32 to S37 

corresponds to the instruction signal output means, and the 
instruction command SC transmitted (output) in step S37 
corresponds to the instruction signal. 
The heater section control circuit 70, the PWM output port 

34 of the microprocessor 30, and the microprocessor 30 
which executes step S4 and steps S71 to S77 correspond to the 
heater energization control means. 
Of the heater energization control means, the microproces 

sor 30 which executes steps S73 to S74 corresponds to the 
maximum value control means. The microprocessor 30 
which executes steps S75 to S76 corresponds to the minimum 
value control means. 
As described above, the gas sensor control apparatus 1 of 

the present embodiment includes the instruction signal output 
means (see FIG. 5: steps S32 to S37) which outputs the 
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instruction command SC (instruction signal) for instructing 
the detection of the Voltage change amount AVs to the sensor 
element section control circuit 40 (change amount detection 
means) at the third timing t3 after elapse of the wait time TW 
(=200 usec) from the second timing t2 (energization OFF 
edge timing toff). 
By virtue of this configuration, the switching of the state of 

energization of the heater section 4 at the second timing t2 
does not overlap with the period TK of the operation of 
detecting the Voltage change amount AVs. Therefore, Switch 
ing noise generated as a result of at least the Switching of the 
heater energization state at the second timing t2, which 
changes with the pulse width PSW, is prevented from affect 
ing the detection of the Voltage change amount AVs (accord 
ingly, the detection of the element resistance RpVS). Accord 
ingly, the element resistance RpVS can be detected properly. 

In addition, since the required operation is merely output 
ting the instruction command SC (instruction signal) at the 
third timing t3 after elapse of the wait time TW (=200 usec.) 
from the second timing t2 (energization OFF edge timing 
toff); i.e., the trailing edge PSD of each PWM pulse PS, 
complicated control for timing adjustment is not required, 
whereby the processing of the microprocessor 30 can be 
simplified. 

Further, in the gas sensor control apparatus 1 of the present 
embodiment, the heater energization control means (see FIG. 
6: steps S71 to S77) feedback-controls the supply of electric 
current to the heater section 4 such that the detected element 
resistance RpVS becomes equal to the target resistance RT. As 
a result, the sensor element section 3 can be maintained at a 
properactivation temperature, whereby the gas concentration 
can be detected properly. 

Further, in the gas sensor control apparatus 1 of the present 
embodiment, every time a period of time 10 times the PWM 
period T (=10 msec) elapses; in other words, every time the 
period T occurs 10 times (10 periods), the instruction com 
mand SC (instruction signal) is output so as to detect the 
Voltage change amount AVs. By virtue of this configuration, 
the Voltage change amount AVs and the element resistance 
Rpvs based thereon can be detected regularly. In addition, the 
interval of the detection (update) of the element resistance 
RpVs can be made longer than the periodT of the PWM pulses 
PS for controlling the supply of electric current to the heater 
section 4 (in the present embodiment, 100 msec interval 10 
times the period T (=10 msec)). Therefore, when the energi 
zation of the heater section 4 is feedback-controlled, the 
control can be performed stably by Suppressing oscillation or 
the like. 

Moreover, in the gas sensor control apparatus 1 of the 
present embodiment, the length of all the 1-2 periods T. 
including the pre-output 1-2 period TB-2, is restricted to the 
maximum value TB (9.5 mSec) or less. This maximum 
value TB is determined to fall within a range in which 
the length of the output 2-1 periodTO becomes longer than 
the sum of the wait time TW and the detection delay time 
TDe. Therefore, the period TK of the operation of detecting 
the Voltage change amount AVs does not overlap with the 
Switching of the heater energization state at the first timingtl. 
By virtue of this configuration, Switching noise generated as 
a result of the Switching of the heater energization state at the 
first timing til, which comes at constant intervals correspond 
ing to the period T is also reliably prevented from affecting 
the detection of the Voltage change amount AVs (accordingly, 
the detection of the element resistance RpVS). Accordingly, 
the element resistance RpVS can be detected more properly. 

In addition, in the present embodiment, since the same 
maximum value TB is used for the periods T in which 1-2nnax 
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the instruction command SC (instruction signal) is output, 
and for the remaining periods T, the control becomes simple. 

Further, in the gas sensor control apparatus 1 of the present 
embodiment, the length of all the 1-2 periods T is restricted 
to the minimum value TB (50 usec) or greater. By 
virtue of this configuration, the length of the 1-2 periods T 
is restricted to the minimum value TB (greater than 
Zero) or greater, and the first timing t1 and the second timing 
t2 are present without fail. Therefore, the third timing t3 
Subsequent to the second timing t2 can be also secured, 
whereby the timing for detecting the Voltage change amount 
AVs (output of the instruction command SC at the third tim 
ing t3) is not missed. Thus, the element resistance RpVS can be 
detected reliably and regularly. 

In addition, in the present embodiment, since the same 
minimum value TB, is used for the periods Tin which the 
instruction signal SC is output and the remaining periods T. 
the control becomes simple. 

Moreover, in the gas sensor control apparatus 1 of the 
present embodiment, the state of energization of the heater 
section 4 is switched from the OFF state to the ON state at the 
first timing til, and switched from the ON state to the OFF 
state at the second timing t2. Namely, electric current is 
Supplied to the heater section 4 during the 1-2 periods T. 
Accordingly, the minimum value TB-2, of the length of the 
pre-output 1-2 period becomes the minimum value (greater 
than 0) of the length of the period during which electric 
current is Supplied to the heater section 4. This minimum 
length is shorter than the minimum length (>the wait time 
TW+the detection delay period TDe) for the case where elec 
tric current is Supplied to the heater section 4 during the 2-1 
periods T-, contrary to the above-described case. Therefore, 
in the case where the supply of electric current to the heater 
section 4 is unnecessary or is required for a very short period 
of time, the length of the period during which electric current 
is supplied to the heater section 4 can be shortened to the 
minimum length (the minimum value) TB-2 (in the 
present embodiment, 50 usec) of the pre-output 1-2 period. 
Accordingly, it is possible to properly control the energiza 
tion of the heater section 4 while reducing the consumption of 
electric power by the heater section 4. 

First Modification 

Next, a first modification of the above-described embodi 
ment will be described with reference to the drawings. FIG. 7 
is a diagram schematically showing the configuration of a gas 
sensor control apparatus 1A according to the first modifica 
tion. This gas sensor control apparatus 1A has a configuration 
similar to that of the gas sensor control apparatus 1 according 
to the above-described embodiment. In addition, the micro 
processor 30 comprises means (hereinafter referred to as 
prevention means) for preventing use of the Voltage change 
amount AVs (the response change amount) which have been 
affected by transmission of data (Such as those representing 
the measured gas concentration) to an ECU 100, which is an 
external device, and use of the element resistance RpVS 
obtained therefrom. 
As shown in FIG.7, the microprocessor 30 includes a CAN 

(controller area network) protocol controller 35, which is 
connected to a CAN bus 101 via a CAN transceiver 80 pro 
vided outside the microprocessor 30. The microprocessor 30 
transmits data (CAN transmission data TX), Such as those 
representing the measured gas concentration, to the ECU 100 
connected to the CAN bus 101. Also, the microprocessor 30 
receives data (CAN reception data Rx) from the ECU 100. 
Notably, when the microprocessor 30 transmits data to the 
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ECU 100, the consumed current increases, in particular, at the 
CAN transceiver 80 due to transmission of the data. This may 
result in a change in the power Supply Voltage of the micro 
processor 30 and control circuits such as the sensor element 
section control circuit 40. 

Therefore, as shown in FIG. 8, in the case where at least a 
portion of the period TK (detection period) of the operation of 
detecting the Voltage change amount AVS (response change 
amount) Subsequent to the output of the instruction command 
SC (instruction signal) at the third timing t3 overlaps with the 
transmission of the CAN transmission data TX (transmission 
period TS), the Voltage change amount AVs and the element 
resistance RpVS detected on the basis of the Voltage change 
amount AVs are affected, and proper detection of the element 
resistance RpVS may become impossible. In order to over 
come such a problem, the gas sensor control apparatus 1A of 
the first modification includes the above-described preven 
tion means for eliminating such influence. Notably, the gas 
sensor control apparatus 1A of the first modification is iden 
tical with the gas sensor control apparatuses 1B, 1C, 1D, and 
1E of second to fifth modifications described below in the 
point that the prevention means is provided. However, the first 
through fifth modifications differ from one another in the 
configuration of the prevention means. In the following 
description, a description of portions similar to those of the 
embodiment will be omitted or such portions will be 
described only briefly. 

In the present first modification, specifically, prior to the 
output of the instruction command SC (instruction signal) at 
the third timing t3, a determination is made as to whether or 
not the transmission of data (CAN transmission data Tx) to 
the ECU 100 is being performed at a timing (pre-output 
determination timing) before the third timing t3 (pre-output 
transmission determination means). In the case where it is 
determined that the transmission of data is being performed, 
the output of the instruction command SC at the third timing 
t3 is stopped (output stopping means). 

Moreover, in the present first modification, in the case 
where the output of the instruction command SC at the third 
timing t3 is stopped, the instruction command SC is outputat 
the third timing t3 in a period T subsequent to the period T in 
which the output of the instruction command SC at the third 
timing t3 was stopped. Namely, the period T in which the 
instruction command SC is output is postponed (period post 
poning output means). 

In the present first modification, the microprocessor 30 
which executes the pre-output transmission determination 
means, the output stopping means, and the period postponing 
output means corresponds to the prevention means. 

Next, of the processing operation of the microprocessor 30 
of the gas sensor control apparatus 1A according to the 
present first modification, the trailing edge interruption rou 
tine will be described with reference to the flowcharts of 
FIGS. 9A and 9B. In FIGS. 9A and 9B, steps which are the 
same as those in the trailing edge interruption routine accord 
ing to the embodiment shown in FIG. 5 are denoted by the 
same reference numerals (this rule also applies to the second 
through fifth modifications). Also, since the remaining pro 
cessing operation of the microprocessor 30 is the same as that 
in the embodiment, only the trailing edge interruption routine 
will be described below, and the descriptions of the remaining 
routines will not be repeated. 

First, in step S31, the microprocessor 30 prohibits the timer 
interruption at intervals of 1 msec (see FIG. 4). Next, in S134, 
the microprocessor 30 determines whether or not apostponed 
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period flag, described below, is 1. In the case where the 
postponed period flag is 0 (No), the microprocessor 30 pro 
ceeds to step S32. 

In step S32 subsequent thereto, the microprocessor 30 
increases the value of the AVs detection timing counter by 1 
(increment). Next, in step S33, the microprocessor 30 deter 
mines whether or not the value of the AVs detection timing 
counter is 10. In the case where the value of the AVs detection 
timing counter is not 10 (No), the microprocessor 30 proceeds 
to step S38. Meanwhile, when the value of the AVs detection 
timing counter reaches 10, the microprocessor 30 makes a 
“Yes” determination in step S33, and proceeds to step S34. 
Thus, in the case where the postponed period flag is 0 (ordi 
nary case), step S34 and steps Subsequent thereto are 
executed only one time every time the trailing edge PSD of 
each PWM pulse PS (the second timing t2) occurs 10 times, 
and the Voltage change amount AVs is detected every time the 
PWM period T (10 msec) occurs 10 times (10 periods) (at 
intervals of 100 msec). 

Notably, in the case where the microprocessor 30 deter 
mines in S134 that the postponed period flag is 1 (Yes), the 
microprocessor 30 proceeds directly to step S34 by skipping 
steps S32 and S33; i.e., without performing the comparison of 
the value of the AVs detection timing counter. Accordingly, in 
the where the postponed period flag is 1 (this flag is set to 1 in 
step S133 described below), the 100 msec interval of the 
detection of the Voltage change amount AVs is extended 
exceptionally. 

In step S34, the microprocessor 30 resets the value of the 
AVs detection timing counter to 0. 

In step S35 subsequent to step S34, the microprocessor 30 
starts the timer for clocking the time of 200 usec (wait time 
TW). 

In step S36 subsequent thereto, the microprocessor 30 
waits until the 200 usec timer started in step S35 is up. When 
200 usec (wait time TW) has elapsed and the timer is up (Yes), 
the microprocessor 30 proceeds to step S131. 

In step S131, the microprocessor 30 determines whether or 
not the transmission of the CAN transmission data TX to the 
ECU 100 is being performed (in the middle of CAN trans 
mission). In the case where the microprocessor 30 determines 
that the present point is not the middle of CAN transmission 
(No), the microprocessor 30 proceeds to step S132 so as to set 
the postponed period flag to 0, and then proceeds to step S37 
(third timing t3). 

In step S37, the microprocessor 30 sends (outputs), 
through the serial transmission port 33, the instruction com 
mand SC (instruction signal) for instructing the detection of 
the voltage change amount AVs to the control section 59 of 
the sensor element section control circuit 40. Upon comple 
tion of the output of the instruction command SC, the micro 
processor 30 proceeds to step S38. 

In step S38, the microprocessor 30 permits the timer inter 
ruption at intervals of 1 mSec, and ends this trailing edge 
interruption routine. 

Meanwhile, in the case where the microprocessor 30 deter 
mines in step S131 that the present point is the middle of CAN 
transmission (Yes), the microprocessor 30 proceeds to step 
S133 so as to set the postponed period flag to 1, and then 
proceeds to step S38). In this case, since the microprocessor 
30 does not perform the processing of step S37 in the period 
T for which it is determined that the CAN transmission is 
being performed, the output of the instruction command SC at 
the third timing t3 is stopped. 

In the period T subsequent to the period T in which the 
output of the instruction command SC was stopped because 
of the postponed period flag being set to 1, the microprocessor 
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30 makes a “Yes” determination in step S134, and proceeds to 
step S34. Accordingly, step S34 and steps subsequent thereto 
are again executed, and, when it is determined in step S131 
that the present point is not in the middle of the CAN trans 
mission (No), the instruction command SC is output in step 
S37. Thus, the period T in which the instruction command SC 
is output is postponed. 

In the present first modification, the microprocessor 30 
which executes the above-mentioned step S131 of determin 
ing whether or not the CAN transmission is being performed, 
immediately before outing the instruction command SC (step 
S37) corresponds to the pre-output transmission determina 
tion means. 

The processing of skipping step S37 in the case where the 
microprocessor 30 makes a “Yes” determination in step S131 
corresponds to the output stopping means. 
The microprocessor 30 which executes the above-men 

tioned steps S132 and S133 of setting the postponed period 
flag to 0 or 1 and the above-mentioned step S134 of deter 
mining whether or not the postponed period flag is 1 corre 
sponds to the period postponing output means. 
The microprocessor 30 which executes the pre-output 

transmission determination means, the output stopping 
means (step S131), and the period postponing output means 
(steps S132, S133, S134) corresponds to the prevention 
CaS. 

The CAN protocol controller 35 and the CAN transceiver 
80 correspond to the data transmission means for transmitting 
data (CAN transmission data Tx) to the ECU 100 (external 
device). 

Since the gas sensor control apparatus 1A of the present 
first modification includes the prevention means (steps S131, 
S132, S133, S134), in addition to an action and effect similar 
to those of the embodiment, the following action and effect 
can be attained. Specifically, it is possible to prevent use of the 
Voltage change amount AVS or the element resistance RpVS 
obtained therefrom, which are affected by the transmission of 
data because of overlapping between the transmission period 
TS of data (CAN transmission data Tx) transmitted to the 
ECU 100 (external device) and a portion of the period TK 
(detection period) of the operation of detecting the Voltage 
change amount AVs (response change amount) Subsequent to 
the output of the instruction command SC (instruction signal) 
at the third timing t3. 

Further, in the gas sensor control apparatus 1A of the 
present first modification, the prevention means includes the 
pre-output transmission determination means for determin 
ing, prior to the output of the instruction command SC (in 
struction signal) at the third timing t3, whether or not trans 
mission of data is being performed (whether or not the present 
point is in the middle of CAN transmission) at a point in time 
(pre-output determination timing) before the third timing t3 
(step S131); and the output stopping means (step S131 (the 
case of Yes) for stopping the output of the instruction com 
mand SC at the third timing t3 when it is determined that the 
data transmission is being performed (in the middle of CAN 
transmission). 
By virtue of the above-described configuration, the voltage 

change amount AVs and the element resistance RpVS are 
prevented from assuming values affected by the transmission 
of data, and only a proper value of the element resistance 
RpVs is used. 

Moreover, in the gas sensor control apparatus 1A of the 
present first modification, in the case where the output of the 
instruction command SC at the third timing t3 is stopped, the 
instruction command SC is output at the third timing t3 in the 
period T subsequent to the period T in which the output of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

28 
instruction command SC was stopped (the period postponing 
output means: steps S132, S133, S134). 
By virtue of this configuration, even when the output of the 

instruction command SC at the third timing t3 is stopped, it is 
possible to obtain a proper Voltage change amount AVs by 
outputting the instruction command SC in the next period T. 
whereby the element resistance Rpvs can be detected prop 
erly and Substantially regularly. 

Second Modification 

Next, the second modification of the above-described 
embodiment will be described. 
A gas sensor control apparatus 1B (see FIG.7) according to 

the present second modification has a configuration Substan 
tially the same as that of the gas sensor control apparatus 1A 
according to the first modification. However, as will be 
described next, the configuration of the prevention means 
partially differs from that of the first modification. Notably, a 
description of portions similar to those of the embodiment or 
the first modification will be omitted or such portions will be 
described only briefly. 

In the present second modification, in addition to the pre 
output transmission determination means and the output stop 
ping means, which are similar to those of the first modifica 
tion, timing postponing output means is provided in place of 
the period postponing output means of the first modification. 

In the case where the output of the instruction command SC 
(instruction signal) at the third timing t3 is stopped by the 
output stopping means, the timing postponing output means 
causes the instruction signal output means to output the 
instruction command SC at a fourth timing ta which comes 
after the third timing t3 within the period T in which the 
output of the instruction command SC was stopped. 

FIGS. 10A and 10B show the trailing edge interruption 
routine among the processing operations (routines) of the 
microprocessor 30 of the gas sensor control apparatus 1B 
according to the present second modification. Notably, the 
present second modification is identical with the embodiment 
and the first modification except for the leading edge inter 
ruption routine. This trailing edge interruption routine will be 
described below, in which the difference between the present 
modification and the embodiment or the first modification 
will be mainly described. 

In the present second modification, the trailing edge inter 
ruption routine does not have a step corresponding to step 
S134 (see FIGS. 9A and 9B) of the trailing edge interruption 
routine of the first modification, and steps S31 to S34 are the 
same as those of the trailing edge interruption routine of the 
embodiment shown in FIG. 5. Accordingly, when the value of 
the AVs detection timing counter becomes 10, the micropro 
cessor 30 makes a “Yes” determination in step S33, and 
proceeds to step S34. Meanwhile, when the microprocessor 
30 determines in step S33 that the value of the AVs detection 
timing counter is not 10 (No), the microprocessor 30 proceeds 
to step S38. 

Steps S35 and S36 subsequent to step S34 are the same as 
those of the trailing edge interruption routine of the first 
modification. When the 200 usec timer started in step S35 is 
up, the microprocessor 30 makes a “Yes” determination in 
step S36, and proceeds to step S231. 

In step S231, the microprocessor 30 determines whether or 
not the transmission of the CAN transmission data Tx is being 
performed (in the middle of CAN transmission) as in the case 
of step S131 of the first modification. In the case where the 
microprocessor 30 determines that the present point is not the 
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middle of CAN transmission (No), the microprocessor 30 
proceeds to step S37 (the third timing t3). 

In step S37, the microprocessor 30 sends (outputs) the 
instruction command SC (instruction signal). Subsequently, 
the microprocessor 30 proceeds to step S38 so as to permit the 
timer interruption at intervals of 1 mSec, and ends this trailing 
edge interruption routine. 

Meanwhile, in the case where the microprocessor 30 deter 
mines in step S231 that the present point is in the middle of the 
CAN transmission (Yes), the microprocessor 30 proceeds to 
step S232. As described above, the microprocessor 30 stops 
the output of the instruction command SC at the third timing 
t3 by skipping step S37. 

In step S232, in consideration of the relation with the 
maximum value TB-2 (9.5 mSec) of the pulse width 
PSW, the microprocessor 30 determines whether or not the 
output of the instruction command SC can be delayed for 200 
usec more within the same period T in which the output of the 
instruction command SC was stopped once. In the case where 
the output of the instruction command SC cannot be delayed 
for 200 usec due to the relation with the maximum value 
TB (No), the microprocessor 30 proceeds to step S38, 
whereby the output of the instruction command SC in this 
period T is stopped. 

Meanwhile, in the case where the output of the instruction 
command SC can be delayed for 200 usec (Yes), the micro 
processor 30 returns to step S35 so as to again start the 200 
usec timer, waits for 200 usec in step S36, and again deter 
mines in step S231 whether or not the present point is in the 
middle of the CAN transmission. In the case where the micro 
processor 30 determines that the present point is not in the 
middle of the CAN transmission (No), the microprocessor 30 
proceeds to step S37 (the fourth timing ta), and outputs the 
instruction command SC. Meanwhile, in the case where the 
microprocessor 30 determines that the present point is in the 
middle of the CAN transmission (Yes), the microprocessor 30 
again proceeds to step S232 so as to determine whether or not 
the output of the instruction command SC can be delayed for 
200 usec further. 
By virtue of this configuration, the instruction command 

SC can be output at the fourth timing tA after the third timing 
t3 within the period T in which the output of the instruction 
command SC at the third timing t3 was stopped. 

In the present second modification, the microprocessor 30 
which executes the above-mentioned step S231 of determin 
ing whether or not the present point is in the middle of the 
CAN transmission corresponds to the pre-output transmis 
sion determination means. 
The processing of skipping step S37 in the case where the 

microprocessor 30 makes a “Yes” determination in step S231 
corresponds to the output stopping means. 
The microprocessor 30 which executes the above-men 

tioned steps S231 and S232 and returns to the above-men 
tioned step S35 corresponds to the timing postponing output 
CaS. 

The microprocessor 30 which executes the pre-output 
transmission determination means, the output stopping 
means (step S231), and the timing postponing output means 
(steps S231, S232) corresponds to the prevention means. 
The gas sensor control apparatus 1B of the present second 

modification includes the pre-output transmission determina 
tion means and the output stopping means (step S231). In 
addition, when the output of the instruction command SC at 
the third timing t3 is stopped, the gas sensor control apparatus 
1B outputs the instruction command SC at the fourth timing 
t4 after the third timing t3 in the period T in which the output 
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of the instruction command SC was stopped. (the timing 
postponing output means: step S231, S232). 
By virtue of the above-described configuration, even in the 

case where the output of the instruction command SC at the 
third timing t3 is stopped once, it is possible to obtain the 
Voltage change amount AVs by outputting the instruction 
command SC at the fourth timing tá after the timing t3, 
whereby the element resistance Rpvs can be detected sub 
stantially regularly. 

In the gas sensor control apparatus 1B of the present second 
modification, the microprocessor 30 determines at a point in 
time (postponement determination timing) before the fourth 
timing tá whether or not the present point in time is in the 
middle of the CAN transmission, and permits the output of 
the instruction command SC at the fourth timing tá (step 
S231). By virtue of this configuration, it is possible to obtain 
a proper Voltage change amount AVs and detect a proper 
element resistance RpVS regularly. 

Third Modification 

Next, the third modification of the above-described 
embodiment will be described. 
A gas sensor control apparatus 1C (see FIG.7) according to 

the present third modification also has a configuration Sub 
stantially the same as that of the gas sensor control apparatus 
1A according to the first modification. However, as will be 
described next, the configuration of the prevention means 
partially differs from that of the first modification. Therefore, 
as in the case of the second modification, a description of 
portions similar to those of the embodiment or the first modi 
fication will be omitted or such portions will be described 
only briefly. 

In the present third modification, in place of the pre-output 
transmission determination means of the first modification, 
an intra-period transmission determination means is provided 
for determining at the first timing t1 in the period T to which 
the third timing t3 belongs whether or not the transmission of 
the CAN transmission data TX (CAN transmission) is per 
formed in this period T. Also, the gas sensor control apparatus 
1C of the present modification has an output stopping means 
and a period postponing output means as in the case of the gas 
sensor control apparatus 1A of the first modification. 

FIG.11 shows the leading edge interruption routine among 
the processing operations (routines) of the microprocessor 30 
of the gas sensor control apparatus 1C according to the 
present third modification. FIGS. 12A and 12B show the 
trailing edge interruption routine. Unlike the embodiment 
and the first and second modifications, not only the interrup 
tion generated at the trailing edge of each PWM pulse PS, but 
also the interruption generated at the leading edge of each 
PWM pulse PS is used in the present third modification. First, 
the leading edge interruption routine will be described with 
reference to the flowchart of FIG. 11. 
The leading edge interruption is generated by the timer 

counter which functions in combination with the PWM out 
put port 34 every time the leading edge PSU (the first timing 
t1) of each PWM pulse PS arrives (see FIG. 8). In the present 
third modification, for generation of the leading edge inter 
ruption, in addition to the trailing edge interruption and the 1 
msec interval timerinterruption, the leading edge interruption 
is permitted in a step of the unillustrated main processing 
which corresponds to step S5 (see FIG.3) of the embodiment. 

In the present third modification, every time the leading 
edge interruption is generated, the microprocessor 30 deter 
mines in step S41 (the first timing til) whether or not the 
transmission of the CAN transmission data TX to the ECU 
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100 (CAN transmission) is performed within the period T 
starting from this first timing til. For example, in the case 
where, the CAN transmission is started in synchronism with 
the first timing til, Such determination is possible. 

In the case where the microprocessor 30 determines in step 
S41 that the CAN transmission is not performed within the 
present period T (No), the microprocessor 30 proceeds to step 
S42 so as to set a CAN transmission period flag to 0, and ends 
this leading edge interruption routine. Meanwhile, in the case 
where the microprocessor 30 determines in step S41 that the 
CAN transmission is performed within the present period T 
(Yes), the microprocessor 30 proceeds to step S43 so as to set 
the CAN transmission period flag to 1, and ends the leading 
edge interruption routine. 

Next, the trailing edge interruption routine will be 
described with reference to the flowcharts of FIGS. 12A and 
12B. 

Steps S31, S334, S32, S33, and S34 of the trailing edge 
interruption routine of the present third modification are iden 
tical with those of the trailing edge interruption routine of the 
first modification (see FIGS. 9A and 9B). In step S334 (iden 
tical with step S134 of the first modification) subsequent to 
step S31, the microprocessor 30 determines whether or not 
the postponed period flag is 1. In the case where the post 
poned period flag is 0 (No in step S334), when the value of the 
AVs detection timing counter becomes 10, the microproces 
sor 30 makes a “Yes” determination in step S33, and proceeds 
to step S34. Meanwhile, the microprocessor 30 determines in 
step S33 that the value of the AVs detection timing counter is 
not 10 (No), the microprocessor 30 proceeds to step S38. In 
the case where the postponed period flag is 1 (Yes in step 
S334), the microprocessor 30 proceeds to step S34 by skip 
ping steps S32 and S33. 

In step S331 subsequent to step S34, the microprocessor 30 
determines whether or not the CAN transmission period flag 
set in step S42 or step S43 of the leading edge interruption 
routine (see FIG. 11) is 1. As described above, the value of the 
CAN transmission period flag is updated to 0 or 1 every time 
the leading edge interruption is generated. Namely, the value 
of the CAN transmission period flag is updated for each 
period T. Meanwhile, the determination of step S331 as to 
whether the value of the CAN transmission period flag is 1 is 
performed only for periods T in which the Voltage change 
amount AVs is detected; namely, only when the postponed 
period flag is 1 and when the microprocessor 30 determines in 
step S33 that the value of the AVs detection timing counter 
becomes 10 when the postponed period flag is 0. 

In the case where the microprocessor 30 determines in step 
S331 that the CAN transmission period flag is 0 (No), the 
microprocessor 30 proceeds to step S332 so as to set the 
postponed period flag to 0, and proceeds to step S35. 

Steps S35 and S36 are the same as those of the trailing edge 
interruption routine of the first modification. When the 200 
usec timer started in step S35 is up, the microprocessor 30 
makes a “Yes” determination in step S36, and proceeds to step 
S37 (the third timing t3). 

In step S37, the microprocessor 30 sends (outputs) the 
instruction command SC (instruction signal), and then pro 
ceeds to step S38 so as to permit the timer interruption at 
intervals of 1 mSec, and ends this trailing edge interruption 
routine. 

Meanwhile, in the case where the microprocessor 30 deter 
mines in step S331 that the CAN transmission period flag is 1 
(Yes), the microprocessor 30 proceeds to step S333 so as to 
set the postponed period flag to 1, and then proceeds to step 
S38. Since the microprocessor 30 does not pass through step 
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S37 in the period T determined to have CAN transmission, the 
output of the instruction command SC at the third timing t3 is 
stopped. 
As a result of the postponed period flag being set to 1, in the 

period T subsequent to the period T in which the output of the 
instruction command SC was stopped, the microprocessor 30 
makes a “Yes” determination in step S334, and proceeds to 
step S34. Accordingly, step S34 and steps subsequent thereto 
are executed again, and the instruction command SC is output 
in step S37 if the CAN transmission period flag is 0 (No in 
step S331). As a result, the period T in which the instruction 
command SC is output is postponed. 

In the present third modification, the microprocessor 30 
which executes the above-mentioned step S41 of determining 
whether or not the CAN transmission is performed and the 
above-mentioned steps S42 and S43 of setting the CAN trans 
mission period flag to 0 or 1 corresponds to the intra-period 
transmission determination means. 
Of the processing of the microprocessor 30 which executes 

the above-mentioned step S331 of determining whether or not 
the CAN transmission period flag is 1, the processing of 
skipping the above-mentioned step S37 when the result of the 
determination becomes “Yes” corresponds to the output stop 
ping means. 
The microprocessor 30 which executes the above-men 

tioned steps S332 and S333 of setting the postponed period 
flag to 0 or 1 and executes the above-mentioned step S334 of 
determining whether or not the postponed period flag is 1 
corresponds to the period postponing output means. 
The microprocessor 30 which executes the intra-transmis 

sion determination means (steps S41, S42, S43), the output 
stopping means (step S331), and the period postponing output 
means (steps S332, S333, S334) corresponds to the preven 
tion means. 
As described above, the gas sensor control apparatus 1C of 

the present third modification includes the intra-transmission 
determination means (steps S41, S42, S43) for determining at 
the first timing t1 whether or not the CAN transmission is 
performed within the period T starting from this first timing: 
and the output stopping means (step S331 (the case of Yes)) 
for stopping the output of the instruction command SC at the 
third timing t3. 
By virtue of this configuration, the Voltage change amount 

AVs and the element resistance RpVs are prevented from 
assuming values affected by the CAN transmission, and only 
a proper value of the element resistance RpVS is used. 

Moreover, like the gas sensor control apparatus 1A of the 
first modification, the gas sensor control apparatus 1C of the 
present third modification includes the period postponing 
output means (steps S332, S333, S334) for outputting the 
instruction command SC at the third timing t3 in the period T 
subsequent to the period T in which the output of the instruc 
tion command SC was stopped. 
By virtue of this configuration, even when the output of the 

instruction command SC at the third timing t3 is stopped 
once, it is possible to obtain a proper Voltage change amount 
AVs by outputting the instruction command SC in the next 
period T, whereby the element resistance RpVs can be 
detected properly and Substantially regularly. 

Fourth Modification 

Next, the fourth modification of the above-described 
embodiment will be described. 
A gas sensor control apparatus 1D (see FIG. 7) according 

to the present fourth modification has substantially the same 
configuration as that of the gas sensor control apparatus 1A 
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according to the first modification. However, as will be 
described next, the configuration of the prevention means 
differs from that of the first modification. Therefore, as in the 
case of the second and third modifications, a description of 
portions similar to those of the embodiment or the first modi 
fication will be omitted or such portions will be described 
only briefly. 

In the present fourth modification, in place of the pre 
output transmission determination means of the first modifi 
cation, pre-detection transmission determination means is 
provided so as to determine whether or not the CAN trans 
mission is being performed at a point in time (pre-detection 
determination timing) before the detection operation period 
TK (detection period). Also, the output stopping means of the 
first through third modifications is not provided, and the 
instruction command SC is output at the third timing t3 as is. 
Meanwhile, use prohibition means is provided for preventing 
use of the Voltage change amount AVs (response change 
amount) detected in the detection operation period TK or the 
element resistance RpVs detected therefrom when the pre 
detection transmission determination means determines that 
the CAN transmission is being performed. 

Furthermore, in the present fourth modification, re-output 
means is provided which operates, when the pre-detection 
transmission determination means determines that the CAN 
transmission is being performed, so as to output the instruc 
tion command SC again in the period T Subsequent to the 
period T in which the instruction command SC was output. 

FIGS. 13A and 13B show the trailing edge interruption 
routine among the processing operations (routines) of the 
microprocessor 30 of the gas sensor control apparatus 1D 
according to the present fourth modification. This trailing 
edge interruption routine will be described below, and in 
particular, the difference between the present modification 
and the first modification. 

Steps S31, S434, S32, S33, and S34 of the present fourth 
modification are basically the same as those of the first modi 
fication (see FIGS. 9A and 9B). However, the present fourth 
modification differs from the first modification in the follow 
ing point. In the first modification, in step S134 Subsequent to 
step S31, a determination is made as to whether the postponed 
period flag is 1. In contrast, in the present fourth modification, 
in step S434 subsequent to step S31, a determination is made 
as to whether an Rpvs measurement value invalid flag to be 
described later is 1. In the case where the RpVs measurement 
value invalid flag is 0 (No in step S434), when the value of the 
AVs detection timing counter becomes 10, the microproces 
sor 30 makes a “Yes” determination in step S33, and proceeds 
to step S34. Meanwhile, in the case where the microprocessor 
30 determines in step S33 that the value of the AVs detection 
timing counter is not 10 (No), the microprocessor 30 proceeds 
to step S38. Also, in the case where the RpVs measurement 
value invalid flag is 1 (Yes in step S434), the microprocessor 
30 proceeds to step S34 while skipping steps S32 and S33. 

Also, steps S35 and S36 subsequent to step S34 are the 
same as those of the first modification. When the 200 usec 
timer started in step S35 is up, the microprocessor 30 makes 
a “Yes” determination in step S36, and proceeds to step S431. 

In step S431, as in the case of step S131 of the first modi 
fication, the microprocessor 30 determines whether or not the 
CAN transmission is being performed. In the case where the 
microprocessor 30 determines that the CAN transmission is 
not being performed (No), the microprocessor 30 proceeds to 
step S432 so as to set the RpVs measurement value invalid flag 
to 0, and then proceeds to step S37 (third timing t3). Mean 
while, in the case where the microprocessor 30 determines 
that the CAN transmission is being performed (Yes), the 
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microprocessor 30 proceeds to step S433 so as to set the Rpvs 
measurement value invalid flag to 1, and then proceeds to step 
S37 (also, third timing t3). 

In step S37, the microprocessor 30 sends (outputs) the 
instruction command SC (instruction signal), and then pro 
ceeds to step S38 so as to permit the timer interruption at 
intervals of 1 mSec, and ends this trailing edge interruption 
routine. 

Notably, in the case where the RpVs measurement value 
invalid flag is set to 1 in step S433, the microprocessor 30 does 
not perform the sampling of the Voltage change amount AVs 
and the calculation of the element resistance Rip VS in a 1 mSec 
interval timer interruption routine (see FIGS. 14A and 14B) 
to be described next. Also, as a result of the RpVs measure 
ment value invalid flag being set to 1, in the next the period T. 
the microprocessor 30 makes a “Yes” determination in step 
S434, and proceeds to step S34. As a result, step S34 and steps 
Subsequent thereto are executed again, whereby the instruc 
tion command SC is output again. 

Next, the 1 msec interval timer interruption routine of the 
gas sensor control apparatus 1D according to the present 
fourth modification will be described with reference to the 
flowcharts of FIGS. 14A and 14B. 

In FIGS. 14A and 14B, steps S21 to S24 are identical with 
those of the 1 msec interval timer interruption routine of the 
embodiment (see FIG. 4). In these steps, the microprocessor 
30 calculates the gas concentration on the basis of the 
sampled gas detection signal Vip, and stores the calculated 
gas concentration in a predetermined memory. 

In step S421 subsequent to step S24, the microprocessor 30 
determines whether or not the RpVs measurement value 
invalid flag set in step S432 or step S433 of FIG. 13B is 1. 

In the case where the microprocessor 30 determines in step 
S421 that the RpVs measurement value invalid flag is 0 (No), 
the microprocessor 30 proceeds to step S25. Steps S25 to S28 
are identical with those of the 1 msec interval timer interrup 
tion routine of the embodiment. In these steps, the micropro 
cessor 30 calculates the element resistance RpVs on the basis 
of the sampled Voltage change amount AVs, and stores the 
calculated element resistance Rpvs in the predetermined 
memory. After that, the microprocessor 30 ends this 1 msec 
timer interruption routine. 

Meanwhile, in the case where the microprocessor 30 deter 
mines in step S421 that the RpVs measurement value invalid 
flag is 1 (Yes), the microprocessor 30 ends the 1 msec timer 
interruption routine without performing the above-mentioned 
steps S25 to S28 of sampling the voltage change amount AVs 
and calculating the element resistance RpVS. 

In the present fourth modification, the microprocessor 30 
which executes the above-mentioned step S431 of determin 
ing at the timing before the detection operation period TK 
whether or not the CAN transmission is being performed 
corresponds to the pre-detection transmission determination 
CaS. 

The microprocessor 30 which executes the above-men 
tioned steps S432 and S433 of setting the RpVs measurement 
value invalid flag to 0 or 1 and the above-mentioned step S421 
of determining whether or not the RpVs measurement value 
invalid flag is 1 in the 1 msec interval timer interruption 
routine corresponds to the use prohibition means. 
The microprocessor 30 which executes the above-men 

tioned steps S432 and S433 of setting the RpVs measurement 
value invalid flag to 0 or 1 and the above-mentioned step S434 
of determining whether or not the RpVs measurement value 
invalid flag is 1 corresponds to the re-output means. 
The microprocessor 30 which executes the pre-detection 

transmission determination means (step S431), the use pro 
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hibition means (steps S432, S433, S434 and step S421), and 
the re-output means (steps S432, S433, S434) corresponds to 
the prevention means. 
As described above, the gas sensor control apparatus 1D of 

the present fourth modification includes the pre-detection 
transmission determination means (step S431). In the case 
where the CAN transmission is being performed at the pre 
detection determination timing (the third timingt3) before the 
detection operation period TK (detection period), use of the 
Voltage change amount AVs detected in the detection opera 
tion period TK is prohibited by the use prohibition means 
(steps S432, S433 and step S421), so that the value of the 
element resistance RpVS is not updated (measured). 

Thus, the Voltage change amount AVs and the element 
resistance RpVs affected by the CAN transmission are not 
used, and only a proper value of the element resistance RpVS 
is used. 

Moreover, in the gas sensor control apparatus 1D of the 
present fourth modification, in the case where the pre-detec 
tion transmission determination means determines that the 
CAN transmission is being performed, the instruction com 
mand SC is output again in the period T Subsequent to the 
period T in which the instruction command SC was output 
(the re-output means: steps S432, S433, S434). 
By virtue of this configuration, it becomes possible to 

prevent use of the Voltage change amount AVS or the element 
resistance RpVs obtained when the detection operation period 
TK and the data transmission periodTS overlap each other. In 
addition, it becomes possible to output the instruction com 
mand SC again in the next period T So as to obtain the Voltage 
change amount AVs, to thereby detect the element resistance 
Rpvs. Thus, the element resistance Rpvs can be detected 
Substantially regularly. 

Fifth Modification 

Next, the fifth modification of the above-described 
embodiment will be described. 
A gas sensor control apparatus 1E (see FIG.7) according to 

the present fifth modification has substantially the same con 
figuration as that of the gas sensor control apparatus 1D 
according to the fourth modification. However, the configu 
ration of the prevention means differs from that of the fourth 
modification in that overlap determination means, which will 
be described next, is provided in place of the pre-detection 
transmission determination means of the fourth modification. 
As set forth below, a description of portions similar to those of 
the fourth modification will be omitted or such portions will 
be described only briefly. 

In the present fifth modification, the output stopping means 
is not provided as in the case of the fourth modification, and 
the instruction command SC is output at the third timing t3 as 
is. However, in place of the pre-detection transmission deter 
mination means of the fourth modification, overlap determi 
nation means is provided so as to determine whether or not at 
least a portion of the detection operation period TK (detection 
period) Subsequent to the output of the instruction command 
SC at the third timing t3 has actually overlapped with the 
transmission period TS of data (the CAN transmission data 
Tx). 

Further, use prohibition means is provided which operates, 
when the overlap determination means determines that over 
lapping has occurred, so as to prohibit use of the Voltage 
change amount AVs (response change amount) detected in 
the detection operation period TK or the element resistance 
RpVs detected therefrom. 
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Further, in the present fifth modification, re-output means 

is provided which operates, when the overlap determination 
means determines that overlapping has occurred, so as to 
output the instruction command SC again in the period T 
Subsequent to the period T in which the instruction command 
SC was output. 

FIGS. 15A and 15B show the trailing edge interruption 
routine among the processing operations (routines) of the 
microprocessor 30 of the gas sensor control apparatus 1E 
according to the present fifth modification. This trailing edge 
interruption routine will be described below, and in particular, 
the difference between the present fifth modification and the 
fourth modification. Further, the present fifth modification 
also includes the same 1 msec interval timer interruption 
routine (see FIGS. 14A and 14B) as that of the fourth modi 
fication. Notably, the description of this routine will not be 
repeated. 

Steps S31, S536, S32, S33, and S34 of the present fifth 
modification are the same as those of the fourth modification 
(see FIGS. 13A and 13B). In step S536 (which is the same as 
step S434 of the fourth modification) subsequent to step S31, 
a determination is made as to whether the RpVS measurement 
value invalid flag is 1. In the case where the RpVs measure 
ment value invalid flag is 0 (No in step S536), when the value 
of the AVs detection timing counter becomes 10, the micro 
processor 30 makes a “Yes” determination in step S33, and 
proceeds to step S34. Meanwhile, in the case where the 
microprocessor 30 determines in step S33 that the value of the 
AVs detection timing counter is not 10 (No), the micropro 
cessor 30 proceeds to step S38. Also, in the case where the 
RpVs measurement value invalid flag is 1 (Yes in step S536), 
the microprocessor 30 proceeds to step S34 while skipping 
steps S32 and S33. 

Also, steps S35 and S36 subsequent to step S34 are the 
same as those of the fourth modification. When the 200 usec 
timer started in step S35 is up, the microprocessor 30 makes 
a “Yes” determination in step S36, and proceeds to step S37 
(the third timing t3). 

In step S37, the microprocessor 30 sends (outputs) the 
instruction command SC (instruction signal). When the out 
put of the instruction command SC is completed, the micro 
processor 30 proceeds to step S531. 

In step S531, the microprocessor 30 starts a timer which 
clocks a time of 60 Lec. 

In step S532 subsequent thereto, the microprocessor 30 
waits until the 60 usec timer started in step S531 is up. When 
60 usec has elapsed and the timer is up (Yes), the micropro 
cessor 30 proceeds to step S533. Notably, the 60 usec timer 
started in step S531 is set such that the timing at which the 
microprocessor 30 proceeds to this step S533 becomes a 
timing within the period TK of the operation of detecting the 
Voltage change amount AVs (detection period). 

In step S533, the microprocessor 30 determines at the 
timing in the detection operation period TK (detection 
period) whether or not the CAN transmission is being per 
formed. Through this determination, the microprocessor 30 
determines whether or not the detection operation period TK 
(detection period) and the transmission period TS has actu 
ally overlapped each other. In the case where the micropro 
cessor 30 determines that the CAN transmission is not being 
performed (No), the microprocessor 30 proceeds to step S534 
So as to set the RpVS measurement value invalid flag to 0, and 
then proceeds to step S38. Meanwhile, in the case where the 
microprocessor 30 determines that the CAN transmission is 
being performed (Yes), the microprocessor 30 proceeds to 
step S535 so as to set the RpVs measurement value invalid flag 
to 1, and then proceeds to step S38. 
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After permitting the timer interruption at 1 msec intervals 
in step S38, the microprocessor 30 ends this trailing edge 
interruption routine. 

Notably, in the case where the RpVs measurement value 
invalid flag is set to 1 in step S535, the microprocessor 30 
makes a “Yes” determination in step S421 in the same 1 m sec 
interval timer interruption routine as that of the fourth modi 
fication (see FIGS. 14A and 14B). Therefore, the sampling of 
the Voltage change amount AVs and the calculation of the 
element resistance RpVS are not carried out. Also, as a result 
of the RpVS measurement value invalid flag being set to 1, in 
the next the period T, the microprocessor 30 makes a “Yes” 
determination in step S536, and proceeds to step S34. As a 
result, step S34 and steps Subsequent thereto are executed 
again, whereby the instruction command SC is output again. 

In the present fifth modification, the microprocessor 30 
which executes the above-mentioned steps S531 and S532 of 
waiting for the elapse of 60 usec after the output of the 
instruction command SC and the above-mentioned step S533 
of determining at the timing in the detection operation period 
TK (detection period) whether or not the CAN transmission is 
being performed corresponds to the overlap determination 
CaS. 

The microprocessor 30 which executes the above-men 
tioned steps S534 and S535 of setting the RpVs measurement 
value invalid flag to 0 or 1 and the above-mentioned step S421 
of determining whether or not the RpVs measurement value 
invalid flag is 1 in the 1 msec interval timer interruption 
routine corresponds to the use prohibition means. 
The microprocessor 30 which executes the above-men 

tioned steps S534 and S535 of setting the RpVs measurement 
value invalid flag to 0 or 1 and the above-mentioned step S536 
of determining whether or not the RpVs measurement value 
invalid flag is 1 corresponds to the re-output means. 
The microprocessor 30 which executes the overlap deter 

mination means (steps S531 to S533), the use prohibition 
means (steps S534, S535 and step S421), and the re-output 
means (steps S534, S536, S536) corresponds to the preven 
tion means. 
As described above, in the gas sensor control apparatus 1E 

of the present fifth modification, the overlap determination 
means (steps S531 to S533) determines whether or not at least 
a portion of the detection operation period TK (detection 
period) Subsequent to the output of the instruction command 
SC at the third timing t3 has actually overlapped with the 
transmission period TS of data (the CAN transmission data 
Tx). When the detection operation period TK is determined to 
have overlapped with the transmission period TS, use of the 
Voltage change amount AVs detected in the detection opera 
tion period TK and the element resistance Rpvs based thereon 
is prohibited (the use prohibition means: steps S534, S535 
and step S421) (see FIGS. 14A and 14B). 

Thus, the Voltage change amount AVs and the element 
resistance RpVs affected by the CAN transmission are not 
used, and only a proper value of the element resistance RpVS 
is used. 

Moreover, in the gas sensor control apparatus 1E of the 
present fifth modification, in the case where the overlap deter 
mination means (steps S531 to S533) determines that over 
lapping has occurred, the instruction command SC is output 
again in the period T subsequent to the period T in which the 
instruction command SC was output (the re-output means: 
steps S534, S535, S536). 
By virtue of this configuration, it becomes possible to 

prevent use of the Voltage change amount AVs and the ele 
ment resistance RpVs obtained when the detection operation 
period TK and the data transmission period TS overlap each 
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other. In addition, it becomes possible to output the instruc 
tion command SC again in the next period T So as to obtain a 
proper Voltage change amount AVs. Thus, a proper element 
resistance RpVS can be detected Substantially regularly. 

In the above, the gas sensor control apparatus of the present 
invention has been described on the basis of the gas sensor 
control apparatus 1 of the gas sensor 2 (air-fuel ratio sensor) 
according to the embodiment and the gas sensor control appa 
ratuses 1A, 1B, 1C, 1D, and 1E according to the first through 
fifth modifications. However, needless to say, the present 
invention is not limited to the above embodiment and modi 
fications, and can be modified freely without departing from 
the scope of the invention. 

For example, in the embodiment, etc., an air-fuel ratio 
sensor for detecting the concentration of oxygen contained in 
exhaust gas (air-fuel ratio) is used as the gas sensor 2. How 
ever, the “gas sensor' is not limited to the air-fuel ratio sensor, 
and may be an oxygen sensor for detecting the concentration 
(lean/rich) of oxygen, an NOx sensor for detecting the con 
centration of nitrogen oxide (NOx), or the like. Also, the “gas 
sensor may be a sensor for detecting the concentration of a 
specific gas component (e.g., oxygen) contained in intake gas 
taken into the combustion chambers of an internal combus 
tion engine. 

In embodiment, etc., a temporary current change is pro 
duced between the terminals Vs-- and COM of the sensor 
element section 3 (the electrodes 28 and 22 of the electromo 
tive force cell 24) through use of the constant current-Iconst, 
which is a temporary current change, and a Voltage change 
amount AVs (response change amount) produced as a result 
of the current change is detected. The circuit configuration of 
the sensor element section control circuit 40 may be modified 
So as to produce a temporary Voltage change, detect a 
response change amount of the current produced as a result of 
the Voltage change, and detect the element resistance there 
from. 

In the embodiment, etc., the instruction command SC, 
which is a serial command, is used as an instruction signal. 
However, the instruction signal may change depending on the 
circuit configuration of the sensor element section control 
circuit 40 which constitutes the change amount detection 
means. The instruction signal may be a digital signal Such as 
a serial signal or a pulse signal, oran analog signal. In the case 
where the instruction signal is an analog signal, for example, 
a current signal or a Voltage signal which produces the above 
mentioned temporary change in current or Voltage may be 
used as an instruction signal. 

In the embodiment, the length of all the 1-2 periods T. 
including the pre-output 1-2 period TB-2, is restricted to the 
maximum value TB-2 or less. However, only the length of 
the pre-output 1-2 period TB may be restricted by sepa 
rately performing timing adjustment control. 

In the embodiment, the length of all the 1-2 periods T. 
including the pre-output 1-2 period TB-2, is restricted to the 
minimum value TB or greater. However, only the length 
of the pre-output 1-2 period TB may be restricted by sepa 
rately performing timing adjustment control. 

In the embodiment, the value of the AVs detection timing 
counter is increased by 1 (increment) by the trailing edge 
interruption processing (see FIG. 5) on the basis of the trailing 
edge PSD of each PWM pulse PS (step S32). However, sepa 
rately from the trailing edge interruption processing, the pro 
cessing corresponding to step S32; i.e., the processing of 
increasing the value of the AVs detection timing counter by 1 
(increment) may be performed on the basis of the leading 
edge PSU of each PWM pulse PS. Alternatively, the process 
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ing corresponding to step S32 may be performed within the 
heater energization control routine (see FIG. 6), for example, 
after step S77. 

Although the first through fifth modifications show five 
combinations of the various means contained in the preven 
tion means, the combination of the various means is not 
limited thereto. 

For example, the period postponing output means may be 
omitted from the gas sensor control apparatus of the first 
modification. In Such a case, the gas sensor control apparatus 
merely stops the output of the instruction command SC when 
the CAN transmission is being performed. 

The invention has been described in detail with reference to 
the above embodiments. However, the invention should not 
be construed as being limited thereto. It should further be 
apparent to those skilled in the art that various changes in 
form and detail of the invention as shown and described above 
may be made. It is intended that such changes be included 
within the spirit and scope of the claims appended hereto. 

This application is based on Japanese Patent Application 
No. 2012-030966 filed Feb. 15, 2012, Japanese Patent Appli 
cation No. 2012-039668 filed Feb. 27, 2012 and Japanese 
Patent Application No. 2012-185892 filed Aug. 24, 2012, the 
above-identified applications incorporated herein by refer 
ence in their entirety. 

What is claimed is: 
1. A gas sensor control apparatus for controlling a gas 

sensor which includes a sensor element section made of a 
solid electrolyte member and detecting the concentration of a 
gas, and a heater section for heating the sensor element sec 
tion, comprising: 

change amount detection means for causing a temporary 
change in Voltage between electrodes of the sensor ele 
ment section or current flowing between the electrodes 
and for detecting, as a response change amount, a 
change in the Voltage or the current produced in response 
to the temporary change; 

element resistance detection means for detecting an ele 
ment resistance of the sensor element section on the 
basis of the response change amount; 

instruction signal output means for outputting an instruc 
tion signal for instructing the change amount detection 
means to detect the response change amount; and 

heater energization control means for on-off controlling 
the state of supply of electric current to the heater section 
through use of pulses having a fixed period, wherein 

when, of an energization ON edge timing of the respective 
pulses at which the state of supply of electric current to 
the heater section is switched from an OFF state to an 
ON state and an energization OFF edge timing of the 
respective pulses at which the state of supply of electric 
current to the heater section is switched from the ON 
state to the OFF state, a timing which occurs at fixed 
intervals corresponding to the fixed period is defined as 
a first timing, and a timing which changes depending on 
a pulse width of the pulses is defined as a second timing, 

the instruction signal output means outputs the instruction 
signal at a third timing which comes after elapse of a 
predetermined wait time from the second timing. 

2. The gas sensor control apparatus according to claim 1, 
wherein the heater energization control means feedback-con 
trols the supply of electric current to the heater section such 
that the element resistance detected by the element resistance 
detection means becomes equal to a target resistance. 
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3. The gas sensor control apparatus according to claim 1, 

wherein the instruction signal output means outputs the 
instruction signal every n-th period, where n is an integer 
equal to or greater than 2. 

4. The gas sensor control apparatus according to claim 1, 
wherein 

a time between a commencement of the output of the 
instruction signal and a completion of the detection of 
the response change amount by the change amount 
detection means is defined as a detection delay time; 

periods each continuing from the first timing to the second 
timing which comes next are defined as 1-2 periods; 

periods each continuing from the second timing to the first 
timing which comes next are defined as 2-1 periods; 

of the 2-1 periods, those which include the third timing at 
which the instruction signal is output are defined as an 
output 2-1 period; 

of the 1-2 periods, those immediately before the output 2-1 
period are defined as a pre-output 1-2 period; and 

the heater energization control means includes maximum 
value restriction means for restricting the length of the 
pre-output 1-2 period to a maximum value or less which 
is previously determined within a range within which the 
output 2-1 period become longer than the Sum of the wait 
time and the detection delay time. 

5. The gas sensor control apparatus according to claim 4. 
wherein the maximum value restriction means restricts the 
length of all the 1-2 periods T, including the pre-output 1-2 
period, to the maximum value or less. 

6. The gas sensor control apparatus according to claim 4. 
wherein the heater energization control means includes mini 
mum value restriction means for restricting the length of the 
pre-output 1-2 period to a predetermined minimum value or 
greater, where the minimum value is greater than Zero. 

7. The gas sensor control apparatus according to claim 6. 
wherein the minimum value restriction means restricts the 
length of all the 1-2 periods, including the pre-output 1-2 
period, to the minimum value or greater. 

8. The gas sensor control apparatus according to claim 6. 
wherein the first timing is the energization ON edge timing, 
and the second timing is the energization OFF edge timing. 

9. The gas sensor control apparatus according to claim 1, 
further comprising: 

data transmission means for transmitting data to an exter 
nal device; and 

prevention means for preventing use of the response 
change amount and the element resistance obtained 
therefrom, the response change amount being affected 
by the transmission of data due to overlap between the 
transmission period of the data and at least a portion of 
the detection period of the response change amount Sub 
sequent to the output of the instruction signal at the third 
timing. 

10. The gas sensor control apparatus according to claim 9. 
wherein the prevention means includes: 

pre-output transmission determination means for deter 
mining, prior to the output of the instruction signal at the 
third timing, whether or not the transmission of the data 
by the data transmission means is being performed at a 
pre-output determination timing within the period to 
which the third timing belongs, the pre-output determi 
nation timing coming before the third timing; and 

output stopping means for stopping the output of the 
instruction signal at the third timing when the transmis 
sion of the data is determined to be being performed. 
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11. The gas sensor control apparatus according to claim 10, 
wherein 

the instruction signal output means outputs the instruction 
signal every n-th period, where n is an integer equal to or 
greater than 2; and 

the prevention means includes period postponing output 
means, operable when the output of the instruction sig 
nal at the third timing is stopped, for outputting the 
instruction signal at the third timing in a period subse 
quent to the period in which the output of the instruction 
signal was stopped. 

12. The gas sensor control apparatus according to claim 10, 
wherein 

the instruction signal output means outputs the instruction 
signal every n-th period, where n is an integer equal to or 
greater than 2; and 

the prevention means includes timing postponing output 
means, operable when the output of the instruction sig 
nal at the third timing is stopped, for outputting the 
instruction signal at a fourth timing within the period in 
which the output of the instruction signal was stopped, 
the fourth timing coming after the third timing. 

13. The gas sensor control apparatus according to claim 9. 
wherein the prevention means includes: 

intra-period transmission determination means for deter 
mining, at the first timing within the period to which the 
third timing belongs, whether or not the transmission of 
the data by the data transmission means is performed 
within the period; and 

output stopping means for stopping the output of the 
instruction signal at the third timing when the transmis 
sion of the data is determined to be performed. 

14. The gas sensor control apparatus according to claim 9. 
wherein the prevention means includes: 

pre-detection transmission determination means for deter 
mining whether or not the transmission of the data by the 
data transmission means is being performed at a pre 
detection determination timing within the period to 
which the third timing belongs, the pre-detection deter 
mination timing coming before the detection period; and 

use prohibition means for preventing use of the response 
change amount detected in the detection period or the 
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element resistance detected from the response change 
amount when the transmission of the data is determined 
to be being performed. 

15. The gas sensor control apparatus according to claim 14, 
wherein 

the instruction signal output means outputs the instruction 
signal every n-th period, where n is an integer equal to or 
greater than 2; and 

the prevention means includes re-output means, operable 
when the pre-detection transmission determination 
means determines that the transmission of the data is 
being performed, for causing the instruction signal out 
put means to output the instruction signal again in a 
period subsequent to the period in which the instruction 
signal was output. 

16. The gas sensor control apparatus according to claim 9. 
wherein the prevention means includes: 

overlap determination means for determining whether or 
not at least a portion of the detection period has actually 
overlapped with the transmission period of transmission 
of the data transmitted by the data transmission means; 
and 

use prohibition means for preventing use of the response 
change amount detected in the detection period or the 
element resistance detected from the response change 
amount when at least a portion of the detection period is 
determined to have overlapped with the transmission 
period. 

17. The gas sensor control apparatus according to claim 16, 
wherein 

the instruction signal output means outputs the instruction 
signal every n-th period, where n is an integer equal to or 
greater than 2; and 

the prevention means includes re-output means, operable 
when the overlap determination means determines that 
at least a portion of the detection period has overlapped 
with the transmission period, for causing the instruction 
signal output means to output the instruction signal 
again in a period subsequent to the period in which the 
instruction signal was output. 


